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PLATE—CADILLAC EIGHT CYLINDER V TYPE ENGINE, FRONT VIEW. 


Cylinders 3144 x 514; total displacement 314 inches. S. A. E. rating 31.28 horse power; 
brake horse power said to be over 60. 


_ The cylinders are cast in two blocks of four cylinders each with water jackets, combus- 
tion chambers and intake manifolds integral. 


The cylinder heads are provided with openings which afford access to the piston heads 
and combustion chambers, thereby facilitating the removal of carbon deposits. 


_. The cylinders being of the L-head type, the inlet and exhaust valves are all on the same 
side of the cylinder blocks. 


The valves are actuated by a series of rocker arms provided with hardened steel rollers 
which, are actuated by a single camshaft positioned directly above the crankshaft. The 
camshaft is driven by a silent chain from the camshaft. The exhaust valves are flat head 
type. The inlet valves are tulip shape to facilitate the intake of gas. The valve mechan- 
ism is enclosed. j 


Three bearing crankshaft 17-inch diameter, of chrome nickel alloy steel, special heat 
treated. Main and connecting rod bearings of liberal dimensions, bronze, reinforced, with 
special babbitt lining. Single camshaft, five bearings. Camshaft and generator shaft driven 
by silent chains from crankshaft. s 


The cylinders are water cooled. Jackets cast integral with cylinders, two impeller pumps, 
one for each block of cylinders. Radiator, Cadillac tubular and plate type. Fan attached 
to generator shaft, driven by silent chain. 


_ The engine is provided with Delco ignition; multiple disc clutch, dry plate type; fifteen 
high carbon steel plates, 734 inches diameter; plates driven by flywheel faced with wire 
mesh asbestos; unit construction, selective three speed forward and reverse transmission. 
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FLATS eee SECTIONAL VIEW OF 


CKARD 1916 TWELVE CYL- 
INDER ENGINE, 


PLATE—SIDE SECTIONAL VIEW OF 


PACKARD 1916 TWELVE 
CYLINDER ENGINE. 


Oiling system pressures 20 to 30 
lbs. Lower section of crank case forms 
oilreservoir. Primary oil strainer com- 
pletely covers oil reservoir. 


Secondary strainer located inside 
crank case between oil pump and mani- 
fold. Main oil manifold from pump 
discharge 1s carried inside of crank case 
to prevent damage on rough roads and 
freezing in winter. Supplies oil to 
thrust side of main bearings. 


Oil is conveyed under pressure from 
grooves in crank shaft bearings, through 
hollow crank shaft to crank pin bearings, 
and thence through copper pipes along 
one side of connecting rods into piston 
pin bearings. 


Cylinder walls are lubricated by over- 
flow from piston pin bearings and spray 
from connecting rod lower end bearings. 


Cam shaft and all other bearings, 
including front end drive, supplied with 
oil under pressure, through oil passage 
leading from crank shaft to hollow cam 
shaft, thence to bearing points. 


_ Valve mechanism lubricated by oil 
mist from crank case, which rises through 
holes in case top and cylinder base, 


PLATE—REAR VIEW OF PACKARD 1916 TWELVE CYLINDER ENGINE. 


All valves are located on inboard side of the cylinder blocks and operated from single 
cam shaft placed directly above the crank shaft. 


Push rods are made accessible for adjustment when necessary by the removal of detachable 
covers running the full length of the cylinder blocks, completely enclosing the valve mechanism 
and aiding in the retention of the oil mist from the crank case. 


Cam shaft, generator and water pump are driven by a quiet and durable chain, easily 
adjustable for length by means of eccentric mounting for generator sprocket which drives the 
generator shaft through a sliding universal coupling. 


Shaft centers are fixed. 


Owing to the multiplicity of impulse per revolution, the car starts with ease on high and 
can be run on high as slow as 3 miles per hour, 


‘uotoNIYsUOS 9Y} AuruoyySI] ‘syyeys opxe eat] oy} JO pus preoqyno 04 AToeMp pasoy sTeoyAr 
reoy "yYBIOM oY} OoNper 0, wWmuUTUIN[e JO JoIIIvO [eIJUEIEYIG “seqny Burosoyurer [904s ]OyOIU YYIM [ee3s passerd Jo Bursnoy exe 
IedY *s1v93 JOMO] 9Y4} UO ATIe[MOIYWIed ‘porjdde A;uoppns st 1omod uaym ,,19A0 [9aY,, 0} 180 ay} Jo AOUspuS} yy BurzturuTUL pur ouIduS 
ey} Jo UoTpoRver onbs0} oy} Bursoddo sny}y “4yeyYs eatrp oy} Jo opts yysIr yy UO pooeld Zurdureys [904s pIsl v SI WD anb10} ay], 


‘oorld ut 8ur1,;eUr yI00 9y4 dure yor ‘sBurprnou sseiq AAvay Aq pooioyurar sa3pa YIM [904s pedureys Jo apeur 
ore spleog Buruuns oy, ‘poqinysrp you st Burm oy} pue poyr|duns A[yve1d st sarpoq pasojoue 0} wado wor; BuIsueYO jo Jo}}eUI OY} 
“oo ‘syySIp ‘sodned YYTA Joyjosoy ‘ysep oy} UO poysoddns si BUTITM oY} JO YON osnvoeq ‘pure sisseyo oy} Jo yred w SI YysDp ay 


2 *pua pileMioj 
S}t YB OA] OY} UT SaTOY 9914} Jo dUO Auv 04 Spor 4je pu oJOJ BuIyFIYS A[duNs Aq suOTjIpuoo BuTAIIpP puUv SeovjiIns Bulyelg jo 
UOIITPUOD FINS 03 o[qveBuULYO SI OBvIOAD’T “PUNOel oy} UO [XE OY} WOI; oUFeI OY} JO UOT}eLedaS BY} 4IUNI] a]xv Ivar oy UO sdeIys 
[loosy_“yUIOL oY} Jo Oprs oAnssord oy} UO TIO Jo proy vB UTEyUTYUT 04 se os psovd ‘sdno [10 YIM poepracid s}foq Bulidg “spor sniper 
- Jo AjISsooaUl OY} BUIZLUTUTTTO ‘OATIp oY} OY} SBuTIds Jo F/eY yUOIY *YyyZUe] JueTPAMbe uy Joy WoTJoNIysUOCD 4SezY4SI] ey, Burrs ‘aoeds 
Apod Y}IM doUEJOj19z,UT JO JNO pur ourvsy ayy Jo doy dy} MOTOq sJoyxoRIG [TY ‘Bunfss9ao pue odAj yun very} 2y4 Jo ore sBursds 1e9y 
‘apIS 0} OpIs WOI, Ieq DAVY PU SBuTsI0} doaId a/Zurs wosy apeul oie sepyowys Bulsdg ‘doep seyour xIs “[ee4s pesseid surely 


‘SISSVHO YUAACNITAO AATAML 9I6I GUVAOVd—ALV Id 


AUDELS 


- AUTOMOBILE 
GUIDE 


M/TH 
QUESTIONS, ANSWERS * ILLUSTRATIONS | 


FOR 


OWNERS —OPERATORS — REPAIRMEN 


RELATING TO 


THE PARTS --OPERATION--CARE:-MANAGEMENT: “ROAD DRIVING. 
CARBURETTERO=*WIRING-- TIMING: IGNITION: - MOTOR TROUBLES 
LUBRICATION: -TIRES+*ETC.** INCLUDING CHAPTERS ON 
THE STORAGE BATTERY--ELECTRIC VEHICLES+- MOTOR 
CYCLES: :QVERHAULING THE CAR--AND AN APPENDIX 
ON 
SELF STARTERS AND LIGHTING SYSTEMS 


BY 
GIDEON ooh AND ASSOCIATES 


&) 


THEO. AUDEL & CO., 72 FIFTH AVE., NEW YORK 


COPYRIGHTED, 1915, 
BY 
THEO. AUDEL & CO,, 


NEw YORK. 


REPRINTED—IQI7 


Printed in the United States, 


PREFACE 


PREFACE 


There are no hard and fast rules which can be laid down 
to insure a person becoming proficient in driving an auto- 
mobile. Some people have the erroneous idea that only 
those who have received a first class mechanical training 
can become good operators. 


A man who is a first class horseman will usually make a 
first class driver of an automobile, or, in other words, the 
man who shows mercy to his beast will show mercy to his 
car. ‘This type of driver does not belong to that class gen- 
erally found at the side of the road with something broken 
or out of order. An automobile, if properly designed, will 
withstand a great deal of rough usage, but there is bound to 
come a time, sooner or later, when it will rebel at being used 
like a battering ram. 


The automobile is a machine, which involves the con- 
sideration of an extensive range of facts in several widely 
separated departments of mechanical knowledge, hence the 
study of its construction and operation is a liberal education 
in itself. Like any other piece of machinery, it requires 
attention, care, and intelligent handling. If the highest 
degree of efficiency be desired, the operator should spend a 
little time each day going over the machine to see that it is 
well lubricated, and the necessary adjustments properly 
made, also that the whole car is in working order. 


PREFACE 


The object of this book is to give, in a form so simple 
and concise that anyone can easily understand it, the in- 
formation necessary for the proper operation, care, and 
maintainance of an automobile. 5 


In order to successfully run a gas engine, it is of prime 
importance that the operator understand the principles of 
carburetters and ignition. With this in view the author has 
given considerable space to these subjects, which should 
receive careful attention before reading the instructions on 
engine operation 


In order to adapt the book to the use of students, the 
subject matter is presented in the form of questions and 
answers; where technical terms are used they are either 
explained or made clear by the wording of the answer. In 
order not to divert the mind and confuse the reader, the 
answer is always made short and direct, giving simply the 
information demanded by the question. 


Detailed explanations, or items of secondary importance, are 
printed in small type in separate paragraphs, hence, on first read- 
ing, the student may, if he desire, omit these paragraphs in order 
to more quickly grasp the VITALS of the subject, and afterwards 
enlarge oe knowledge thus acquired by a complete reading of 
the book. 


To aid the reader in quickly finding any desired infor- 
mation, the book has been thoroughly indexed. each item 
being entered under every possible heading. 


PLATE—THE’ KNIGHT SLIDING SLEEVE VALVE ENGINE. 


The Knight engine has in piace of poppet valves lwo sliding telescopic sleeves; these contain 
the ports and perform the valve duties, being driven by short connecting rods from the half 
speed shaft at the side. 


In operation the right hand ports of the sleeves register with each other on the suction 
stroke, exposing a large opening through which the charge of fuel mixture enters. 


At the beginning of the compression stroke, the sleeves slide, one up and one down, thus 
closing the ports for compression. 


All ports remain closed until the end of the power stroke, when the left hand ports open 
and register with each other, leaving a large exit for the exhaust of the burnt gases. 


The advantages claimed for this valve gear are large port openings, and noiseless operation; 
the above cut illustrates the Columbia design of the Knight engine. 


The moving parts are lubricated in the usual way, the only precaution taken being to 
insure an even distribution of oil by cutting a spiral groove and boring a number of holes in 
each sleeve. 


A feature of the lubrication is the automatic oil pans below the cranks which by means of a 
connection with the throttle lever are raised as the throttle is opened, thus increasing tho 
amount of lubrication as the load or speed is increased, 
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Assembling car, 474 
Atmospheric pressure, 40. 
Atwater-Kent battery system, 
jlls., 200. © 
contact maker, ills., 203. 
spark generator, ills., des., 202. 


‘ 


Automobile, control of, 482. 

electric, 377. 

frame, des., 305. 

growth of, 17. 

management of, 431. 

overhauling, 461-4, 

parts, 18. 

washing, 138, 
Automatic valves, des., 26. 
Auxiliary air gap, ills. and des,, 181. 
Auxiliary spark gap, 257. 
Auxiliary valves, adjustment, 114. 
Auxiliary valve spring, 111, 112, 114, 
Axle, dead, des., 309. 

floating, ills. and des., 310. 

live, des., 309. 

semi-floating, ills. and des., 309, 
A-Z radiator, ills,, 52. ; 


Babcock electric roadster, ills., 380. 
Back firing, def., 236-7. 
kick, def., 236. 
kick, how avoided, 232, 233, 234, 236, 
pressure, 42, 439, 
Bad odors, 244. 
Baker electric, classes of, 378. 
Balancing, how done, 209, 210. 
Ball and roller bearings, 341, 
Ball bearings, ills., 342, 343, 344, 
Band brake, ills. and des., 337. 
“Barking,” cause of, 245. 
Battery, care of, 416. 
charging, 141-4, 404, 407-9, 415. 
def., 131. 
discharge capacity, 405. 
dry, des., 134. 
faulty connection, 390. 
in place of magneto, 197. 
laying up, 412. 
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overhauling, 472. 

rate of discharge, 406. 
storage, ills. and des., 415. 
use of, 406. 

weak, effects of, 252. 
weak, how indicated, 138. 

Battery and coil, connections of, 193. 

Battery, connection, diagram, 134-7. 
fumes, 480. 
plates, changing color, 404-5, 409, 
plates, des. and ills., 398. 
system, ills., 200. 
troubles, 409, 411, 

Batteries, how made, 397. 
secondary, def., 395. 

Bearings, adjustment, 345. 
ball and roller, 341. 
ball, wear on, 346. 
lubricant for, 345. 
tight, 239. 
types of, ills., 342. 

Beaumé hydrometer, des., 61. 
use of, 58, 59. 

Belt transmission, 279. 

Benzine, 57, 59, 60. 

Bevel differential, des., ills., 
gears, ills. and des., 295. 
gear, taking up wear, 468. 

Black lead, def., 351. 

Blister, in tire, 333. 

Block chains, des., 296. 

Body of automobile, 18. 

Body of lubricant, 349. 

Bosch high tension magneto, 200. 
malls re at Be hoi a ills. and des., 

194, 
spark ae ills., 156, 
Brake, band, expanding, ills. 
des., 337, 
connection with clutch, 335. 
horse power, 39. 
lever, how locked, 485. 
lever, ills. and des., 286. 
rods, bad adjustment, 239, 
starting adjustment, 231, 232, 
types of, ills. and des., 3887. 

Brakes, 335, 484, 
adjustment, 471. 
forms of, ills. and des., 386. 
operation of, 450. 
overhauling, 471. 
use of, 339, 340, 

Break, in wiring, 204, 205. 

Breeze, carburetter, ‘ills., des., 106. 
fuel strainer, ills., and des., 115. 

Bridge, def., 128. 

British thermal unit, 87, 39. 

Broad tire, 316. 

Brock carburetter, des. and ills., 120. 

Broken ring, how indicated, 240, 241. 

Brush contact, def., 171, 


301-2. 


and 


Brushes, des., 388. 
Buick speed. selector, 438. 
Buscoe radiator, ills., 52. 


Cc 


Cadillae speed selector, 438. 
Cameron engine, ills. and des., 50. 
Cam shaft, 26. 
assembling, 465. 
removal of, 464. 
Car, assembling, 474. 
' Management of, 481. 
Overhauling, 461-4. 
starting, 441, 442. 
Carbon, in cylinder, 241-3, 
Carburetter, adjustment of, 99, 107-8, 
affected by fuel, 95, 
alcohol, 66, 68. 
Breeze, ills. and des., 106. 
Brock, des. and ills., 120. 
calculation of size, 107. 
ID. ES, WR or and des., 122, 
evolution of, 
freezing, 123. 
gasoline, 66, 68. 
Holley, ills. and des., 97, 98, 
how connected, 72. 
ills. and des., 69, 91, 105, 248. 
Kingston, des. and ills., 100. 
outlet, 105. 
puddle, ills. and des., 96-8. 
priming, 82. 
requirements of, 101. 
Schebler, ills. and des., 109, 
selection of, 101. 
size required, 103, 104. 
Sizes vary, 106. 
spray, ills. and des., 71. 
starting adjustment, 231. 
Stromberg, des. and ills., 88, 
surface, ills. and des., 96- 8. 
troubles, 119. 
types, 70. 
Willett, ills. and des., 102, 
Care of tires, 323. 
Caution, 477-8, 
signs, 459. 
Cell, action on, 140. 
def., 
Cells, disconnecting, 412. 
dry, action of, 251. 
dry, connection of, 250, 
dry, des., 134. 
dry, deterioration of, 138-9, 250. 
dry, improyement of, 139, 
dry, testing, 139. | 
of storage battery, ills. and i 
des., 410. f \ 
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recharging, 140, 

register, 251. 

storage, action of, 395, 396. 
voltage of, 185, 140. 

how connected, 135, 187. 

Centrifugal pump, des., 46, 48. 

Chadwick swivel axle, ills., des., 343. 

Chain, cleaning, 299. 
overhauling, ills. and des., 470. 
types of, 294, 296. 
why rattles, 298. 

Chamber, mixing, des., ills., 85, 86. 

Changes of speed, 447-8. 
speed gears, 275. 
speed gears, shifting, 285. 

‘Charge, def., 27. 
how goverened, 95. 

Charging, connections, ills., 406, 407. 
battery, 401, 403, 404, 407, 408, 409. 
ills. and des., 18, 298. 

Chassis, ills. and des., 18, 298. 
of Baker electric, 378. 

Chime whistle, 439. 

pact changing, methods of, 419, 

420-5. 


diagram, ills., 148, 197. 

Circuits, synchronous, des., 190. 

Circulating water, 44, 45, 46. 

Cleaning Chain, 299. 

Clearance, 23. 
value of, 476. 

‘Clincher tire, removal of, ills. and 

des., 321, 322, 325. 

Clutch, cone, ills., des., 264, 265, 272. 
connection with brake, 335, 
defective, 239. 
des., 2638, 264. 
des. of operation, 269. 
how released, 434, 435. 
leather friction surface, 272, 
not always necessary, 264, 
taking down, 466. 

Coasting, motorcycle, 375. 

Coil, care in selection, 257. 
defective, 256. 
trouble from, 205. 
connections, ills. and des., 368. 

Coil and battery, connection of, 193. 

Coil spark plugs, for ignition, des. 

and ills., 176, 180, 198, 199. 

Cold weather precautions, 259, 260. 

Colors of flame, 113. 

Columbia speed selector, 438. 

Combustion, 44. 
chamber, 238, 24. 

Complete element, of battery, 414, 

Commutator, des., 388. 

Compression, def., 27, 44, 
faulty, 124, 239. 
how effected, 24. 
stroke, 29. 


Condenser, def., 165. 
Conductor, lead, 127. 
return, 127: 
Conductors, 125. 
why of copper, 126. 
Cone clutch, ills., des., 264, 265, 272. 
Clutch, removing leather, 467. 
Connecting rod, 23, 25. 
Connections, for charging, ills., 406-7. 
Contacts, types of, 171. 
Contact breaker, ills. and des., 162, 
178, 174, 183. 
maker, ills. and des., 162, 172, 
173, 188. 
maker, Atwater-Kent, ills., 203. 
points, material, 152. 


Controller, electric, ilis. and des., 
425, 426, 427. 
connections, diagrams, 428, 429. 


Rauch & Lang; ills., des., 427. 

Control levers, ills. and des., 19, 20, 

285, 4383. 
of automobile, 482. 

Cooling the cylinder, 44. 

Cooling surface, 51. 

Cooling system, 19, 26, 48. 
air, des., 51. 
locomobile, ills. and des., 47. 

Copper, used for conductors, 126. 

Corbin speed selector, 438. 

Cork, effect of temperature, 273. 
forms of, for cork inserts, 274. 
inserts, 272. . 
method of inserting, 273. 
properties of, 272. 

Counter current, 153. 

Counterweights, 78, 79, 209, 210. 

Crank, 32. », 

Crank case, 23, 24. 

Cranking, des., 19, 20, 232, 233, 284. 

Cranks, arrangement of, 209, 210. 

Crank shaft, 25. 

Creeping, of tires, 323. 

Crude oil, 56, 57 

Current, diagram of course, 392. 
ignition, how obtained, 366. 
primary, 252. Y 
primary, precautions, 253. 

Current, diagram of course, 392. 

Cut out plug, 440. 

Cuts, in solid tires, 319. 

Cutting, causes of, 329. 
des., 348. 

Cycle, def., 29. 
of gas engine, 27, 27%. 

Cylinder, carbonized, 241. 
cleaning, 243. 
cooling, 44. 
gas engine, diagrams, 23, 28. 
heating, 44. 
missing fire, 246, 
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pressure, 40, 41, 42. 

section, ills., 464. 

strokes, def., 29. 

support of, 24. 

water connections, 49. 
Cylinders, assembling, 463. 

cleaning, 463. 


D 


Dampness, effect on tires, 331. 
D’Arsonval galvanometer, 385. 
Dashboard appliances, ills. 
des., 433. 

Dash equipment, ills. and des., 466. 
Dead axle, des., 309. 

center, how ‘determined, 212, 213. 
Decauville car, ills., 292. 
Denatured alcohol, 66, 67. 
Diaphragm feed, oot 76. 
Dielectric, def., 131 
Differential, def., 301, 303. 
Direct current, 128. 
Dise feed, des., To. 
Discharge capacity of battery, 405. 
Disconnecting cells, 412. 

magneto, 462. 
Dishing, of wheels, def., 314, 315. 
Dissembling car, 462. 
Distance, relation to force, 277, 278-9. 
Distillation, des., 57. 

of petroleum, 56. 


of wood, 65. 
Distributer, def., 162, 163, 174, 175, 
176, 215 


and 


Pittsfield, ills. and des., 177. 
D. K. W. carburetter, ills., des., 122. 
Double chain drive, 294. 

Double ignition system, des, and 
ills., 199, 200, 204. 
Drive, of dynamo, 145. 

of motor cycle, 370, 3871. 

of pump, 49. 

synchronous, def., 150. 

types of, 291. 

Driver, instruction of, 482. 
Driving chain, ills. and des. 
Drum and band clutch, des., 267. 
Dry battery, des., 184. 

Dry cells, action ’of, 251. 

connection of, 250. 

des., 134. 

deterioration of, 188-9, 250. 

improvement of, 139, 

testing, 139. 

Dual ignition, 199. 
Duplex spark plugs, 176, 180. 


Dynamo, Apple, ills. and des., 183, 
des., 132, 145, 387, 388. 
drive of, 145. 
how used, 144, 146. 
parts of, 387. 
Dynamo electrical generator, 
and des., 392. 


ills. 


E 


Edison storage battery, des., 416. 

Efficiency, of engine, 36. 

Hisemann magneto, ills. and des., 

160-1, 204. 

Electric current, def., 128. 
current, how produced, 131. 
roadster, Babcock, ills., 380. 
trucks, use of, 379. 

Electric vehicle, failure to start, 


Electric vehicles, principles of, 379. 
types of, 377. 
wiring plan, 419. 
Se vehicle, motors, type of, 
controller, ills., 426. 
Electrical horse power, 384. 
Electrical units, 381. 
Hlectricity, def., 125, 381. 
from storage battery, 140. 
generating, 181. 
Electro magnet, def., 129. 
Electrodes, def., 131, 179. 
Electrolyte, affected by starting, 404. 
action of, 395, 396. 
des., 399. 
how made, 140, 148. 
low speed gravity, 411. 
specific gravity, 142, 143. 
temperature, 142, 148. 
Blectron,. 381. : 
Elmore speed selector, 488. 


Emergency brake, ills. and des., 
434, 436. 

Emery, use of, 464. 

Energy, mechanical, 37, 39. 


Engine, Cameron, ills. and des., 50. 
four cycle, diagram of, 388. 
horse power of, 39. 
hot air, 21. 
internal combustion, def., 21. 
motor cycle, 363, 364. 
multi- cyclinder, 32. 
removing, ills. and des., 462. 
Pope-Hartford, ills., and "des., 241. 
single cylinder, 32. 
starting, 77, 98, 235. 
steam, 21. 
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installation, Thomas, 237. 
operation, 259. 
pulley, emblem, ills., des., 374. 
speed, 73, 253, 254. 
supplies, 226. 
troubles, 206, 207. 
Equalizer, des., 338, 339. 
Essex multi-feed oiler, ills. and 
des., 300. 
Ethyl alcohol, 65, 66. 
Exhaust, def., 27. 
pressure’ regulator, 
des., 324. : 
smoke, 243. 
stroke, 29. 
valve, 30. 
Exide storage cell, ills., 
Expanding ring clutch, ills. 
des.,. 297. 
Explosion, def., 27. 
in muffler, 208. 
weak, 124. 
Explosive mixture, 21. 


ills. and 


des., 400. 
and 


F 


Fan, air cooling, 53. 
how driven, 53. 
fault, def., 127. 
Faure battery, 398. 
plate, des., 399. 
Fedders radiator, ills., 52. 
Feed, disc, des., 75. 
float, des., 77, 78. 
Fermentation, source of alcohol, 65. 
Field, magnetic, def., 129. 
Field magnets, des.,. "387. 
“Bierce,” clutch term, def., 269. 
Tire, risk from gasoline, 63. 
test, of oil, 357. 
Firing, sequence of, 210. 
First speed, 279. 
Flame colors, 113. 
Flash point, of oil, 42, 357. 
Float, 74. 
adjustment of, 108. 
Float chamber, 74, 80, 81. 
cleaning, 108. 
relation to nozzle, 79, 80. 
Float feed, ills., 74-8. 
Floating axle, ills. and des., 310. 
Float level, 78. 
pin, 82, 949, 


Flooding, 120, 121. 


Flow of current, 126. 
Fluid, law of flow, 99. 
Fluidity, def., 350. 
Fly wheel, 23. 
removal of, 473. 
use of, 30, 32. 
why necessary, 276. 
Foot pedals, 20. 
Foot pounds, 37, 39. 
Force, feed oiler, ills., 
lines of, 144. 
relation to distance, 277-9. 
Fouling, how removed, 259. 
of spark plug, 258. 
Four cycle, def., 29. 
Four cycle engine, efficiency Of, 37. 
diagram of, 38. 
sectional view, 22. 
Frame, of automobile, 18, 305. 
motor cycle, 364. 
Franklin cooling system, 51. 
Franklin, gasoline tank, 228. 
rollcr bearings, 344. 
speed selector, 488. 
Freezing, 348, 
precautions, 260. 
of carburetter, 123. 
of jacket water, 260. 
pce contact transmission, 279, 
Fuel,, 55. 
adjustment, 72, 110, 111. 
affects carburetter action, 95. 
charge, proportions, 69. 
economy, four cycle engine, 34, 


349, 351. 


37. 
how heated, 90. 
proportion to air, 69. 
regulation of, 83, 84. 
use of alcohol, 65. 
use of kerosene, 64, 65. 
mixture, 27, 445. 
strainer, ills. and des., 115. 
supply, care of, 229. 
system, 19, 26. 


G 


Galvanometer, D’Arsonval, 385. 

Garage, fire risk, 63. 

Gas, law of flow, 99. 

Gas engine, def., 21. 
cylinder, diagrams, 28, 
eycle, 27, 275. 
cycle, heat of, 41. 
operation, 225, 226. 
parts of, 23. 
principles, 36. 
sectional view, 22. 
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Gasoline, 55-57. 
compared with alcohol, 66, 68. 
fire risk, 63. 
handling, 63. 
in mixing chamber, 86, 87, 88, 89. 
low grade, 121-123, 247, 248. 
merits and use of, 67. 
nozzle, level of, 77. 

Obstruction to flow, 119. 
properties of, 62. 

State, def., 68, 1:21, 122. 
storage of, 64. 

substitute for, 227. 
supply of, 229. 

testing, 62,.1238. . . 

Gasoline-electric vehicle, 380. 

Gasoline hydrometers, ills., des., 60. 

Gasoline tank, ills. and des., 228. 
filling, 226; 227. 

Gear, bevel, taking up wear, 468. 
differential, examination, 468. 
pump, des., 46, 47, 48. 
shifting, 442. 
shifting lever, 485, 
shifting mechanism, 

des., 287. 
steering, overhauling, 469. 

Gears, change speed, 275. 
shifting of, 447, 448. 
timing mark, 214. 
transmission, 279. 

General Electric rectifier, 418. 

Generating electricity, 131. 

Generator valve, des. and ills., 112. 

Glazing, des., 252. 

Gould storage battery cell, 410. 

Governor, for dynamo, 145, 146. 

Graphite, des. of, 351, 352. 

Gravity, specific, def., 400. 

Gravity circulation, 45, 46. 

Gravity cooling system, ills., 43. 

Gravity system of lubrication, 355. 

Grease, for lubrication, 229. 
use of, 352. 

Grinding valves, ills. and des., 235, 

446, 464, 

Grip control, motor eycle, 369. 

Gripping, des., 271. 

Grooving, des., 348. 

Ground circuit, 127. 
electrode, des., 179. 

Gummed oil, remedy for, 260. 


ills. and 


H 


Hammer vibrator, 
ciand advance, 195, 
control, 116, 118. 


ills., des., 167. 


Hand control, of air supply, 117. 
Handle bar grip control, ills. ana 
des., 369. 
Hand throttle lever, use of, 433. 
Harrison radiator, ills., 52. 
Heat, carried off by water, 41. 
lost in engine, 42, 44, 
utilized by engine, 42, 
Heating, air supply, 91, 
fuel, 90, 91. 
mixture, 91. 
of cylinder, 44, 
Heavy oils, 57. 
Hertz wave, 199. 
High speed, 279, 
High tension, circuit, 181, 182. 
current, 128. 
ignition, 150, 159. 
magneto, 147, 445. 
magnetos, ignition with, 193. 
magneto, timing, 216. 
spark, 127. 
Hill oiler, ills., 362. 
Holley carburetter, ills., des., 97, 98, 
Honeycomb radiator, des., 49, 
Horse power, def., 39. 
electrical, 384, 
of engine, 39. 
Hydrometer, Beaumé, des., 61. 
Hydrometers. gasoline, ills. 
des., 60. 
for testing gasoline, 62. 
ills. and des., 402. 
specific gravity, 400. 
use of, 58, 59, 
variation for temperature, 59. 


and 
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Igniters, trouble from, 206. 
Ignition, 30, 125, 198. 
affected by engine speed, 253, 254 
by coil spark plugs, 198. 
cut out plug, 440 
forms of, 199. 
high tension, 182. 
jump spark, 182, 212, 
Synchronous, def., 190, 191, 192. 
time for, 40. 
with high tension magnetos, 193. 
with vibrator coils, des., 186, 187, 
Ignition, apparatus, overhauling, 471, 
circuit, cells necessary, 169, 
circuit, starting adjustment, 231, 
coil, overhauling, 473. 
current, 148, 149, 366. 
defect, 257. 
mechanism, 210. 
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Ignition system, 19, 26, 119. 
Bosch, ills. and des., 194, 196. 
low tension, ills. and des., 154. 
Perfex, ills. and des., 199. 
troubles, 201, 204, 205, 208. 
types, 150. 

Impulse, def., 27. 

Indian motor cycle, ills., 367. 
motor cycle valves, ills. 

des., 366. 

Induced current, 130. 

Induction, 130. ; 

Induction coil, care in selection, 257. 
“ills. and des., 254. 
primary, 152, 153. 
secondary, 163. e 

Inductor magneto, des., 146, 158. 

Inlet valve, 30. : 
eare of, 81. 
eause of sticking, 240. 

Inflation, 329, 330. v 

instruments, for <testing batteries, 

402. 

Insulated electrode, des., 179. 

Insulation, faulty, 257. 
need of, 126. 
of spark plug, 179, 180. 

Insulator, def., 128 

intermediate speed, 279. 

Internal combustion engine, def., 21. 

Interrupter, 163. 

Inward stroke, 30. : 4 

Iridium for contact points, 152. 


and 


J 


Jacket water, freezing of, 260. 

Joint, universal, 292, 468. 

Jump spark, 127. 

~ ignition, 150, 159, 212. 
system, des., 181, 182, 183. 


K 


Kelly-Springfield block tire, 334, 
Kerosene,, 57. 

how used, 64, 463. ; 
Kingston carburetter, des., ills., 100. 
Kit of tools, ills., 461. 
Knocking, of engine, 207, 

in cylinder, 207. 
Knox speed selector, 438, 


L 


Latch, shifting lever, 436. 

Laying up battery, 412. 

Lead, used for plates, 398. 

Leaf springs, des., 306. 

Leaking, float, 121. 
piston, how indicated, 240, 241. 
tanks, 121. 

meer keep oil and water away, 


of cone clutch, 467. 
Ten aie” ait seioe handling, 447, 


selective transmission, ills., 487. 

Levers, control, 20, 285, 433. 
des., 286, 287. 
management of, 288. 
throttle, use of, 432. 

Liquid lubricants, 353. 

Lines of force, 144, 

Live axle, des., 309. 

Livingston radiator, ills., 52. 

Locked wheels, 450. 

Locomobile, brakes, ills., des., 338. 
cooling system, ills., des., .47. 
speed selector, 438. 

Lodestone, des., 128, 129. 

Losses, heat, 42. ; 

Lost motion, how caused, 221-3. 

Low compression, des., 240. 
speed, 279. 

Low tension, circuit, 181. 
current, 128, 
ignition, 150, 152, 153, 155. 
ignition system, ills., des., 154. 
magneto, des., 147. 
spark, 127. 
system, des., 151. 

Lozier speed selector, 488, 

Lubricant, body of, 349, 
fluidity of, 350. 
for bearings, 345. 
qualities of, 42, 359. 
stability of, 350. 
use for, 347, 348, 

Lubricants, classification of, 351. 
how used, 360. 
liquid, 353. j 

Lubrication, general, 229, 847. 
of motor cycle, 3875. 

Lubrication system, 26, 230, 358. 
cleaning, 468. 
starting adjustment, 231. 
systems of, 355. 


Lubricator, force feed, ills, and 
des., 349. 

Lubricators, ULunkenheimer, ills., 
360. 

Lunkenheimer exhaust pressure 


regulator, ills. and des., 354. 
Lubricators, 360. . 
Lye, for cleaning, 465. 
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Magnes lapes, Latin for magnet, 
128. 


Magnet, derivation of, 128. 
magnetizing of, 472. 
polarity of, 130. 
Magneto, used in starting, 195. 
Magnet, winding, 130. 
Magnetic field, def., 129. 
poles, def., 129. 
spark plug, ills., 156. 
Magneto, arrangement of, 215. 
battery used for, 197. 
des:, 132, 145, 213. 
disconnecting, 462. 
how used, 144. 
speed of, 216. 
timing of, 214-216. 
Magnetos, tyves, 133, 146. 
high tension, 193. 
Make and break, ignition, 150. 
spark, 127, 212. 
spark plugs, 176. 
Marine use, of two cycye engine, 37. 
Marmon ear, 266. 
elutch, ills. and des., 266. 
Master vibrator, des., ills., 188, 189. 
Matheson multiple dise clutch, 270. 
speed selector, 488. 
Maxwell transmission lever, ills., 
487. 
Mechanical circulation, 46. 
@Nnerey, isis) ols 
oiler, ills. and des., 359. 
vibrator, ills., des., 172, 173, 185. 
Mercury arc rectifier, des., 416. 
diagram, 417. 
Metal of the engine, def., 127. 
Metallic circuit, 127. 
Methyl alcohol, 65. 
Misfiring, 128, 125, 207. 
how caused, 236, 252, 258, 255, 257. 
Missing cylinder, 246. 
Mixing chamber, des., ills., 85, 86. 
Mixture, constant, 92. 
faulty, 124. 
fuel, 92. 
lean, def., 92. 
lean, when necessary, 93. 
poor, 247, 249. 
qualities of, 250, 
rich, def., 72, 82, 98, 249. 
rich, when desirable, 93, 
rich, why objectionable, 94, 
satisfactory, 109, 110, 111, 
test of, 111. 
thin, def., 92. . 
unsatisfactory, 108, 
Motor, def., 387. 
ills., 388. 
armature, 3887, 
brushes, 388. 
commutator, 388, 
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field magnets, 387. 
pole pieces, 387. 
operating, 389. 
parts of, 387. 

Motors, series wound, 388. 

Motor connection, ills., des., 393. 

Motor cycles, des., 365, 

Motor cycle, coasting, 375. 
control, 369. 
drive, ills., 370, 371. 
engine, 363, 364. 
frame, 364. 
lubrication, 375. 
road adjustment, 374. 
starting of, 372, 373. 
stopping, 376. 
transmission, 372. 
valve gear, ills., des., 367. 
valves, ills. and des., 366. 
wheels, 364. 

Motor drive, electric, 377. 
troubles, 390, 391, 393, 394. 
truck tires, ills., 332, 334. 

Muffler, des., ills., 19, 42,'244-5, 489, 
explosions, 208. 

Multi-cylinder engine, 32. 

Multiple connection, 136. 
disc clutch, ills. and des., 268, 

269, 270. 
nozzles, 84. 
Multi-unit coil, 188, 
Mushroom valves, 265, 


N 


Naphtha, 56, 57. 
National steam vuleanizer, ills., 327, 
Negative pole, def., 129, 131, 
‘‘Neutral’”’ position, des., 287. 
Night, driving, 460. i 
Non-conductor, def., 128. 
Northern car, running gear, .ilis:, 
and des., 314. 

North pole, def., 129. 
Nozzle, spray, 838. 

action, faulty, 113. 
Nozzles, multiple, 84, 
Number one distillate, 227, 


oO 


Offset float chamber, 80. 
Ohm, 126, 382. 
Ohm, G. S. German scientist, 339. 


Oil, cylinder, 230, 231, 
distillation of, 57-59. 
for lubrication, 229. 
gummed, remedy for, 260. 
how to determine quality, 354. 
quality of, 253. 
rancid, 355. 
Oiler, Essex multi-feed, 
des., 350. 
force feed, ills., 3o1. 
Hill, ills., 362. 
mechanical, ills. and des., 359. 
Oiling instructions, 361. 
Oil pumps, ills., 361. 
Oils, burning point, 353. 
classes of, 353. 
cold point, 353. 
flash and fire tests, 357. 
flash point, 353. 
heavy, 57. 
mineral, 358. 
specific gravity of, 61. 
testing, 353, 355. 
vegetable, 358. 
Oldsmobile speed selector, 438. 
Opening valve, area of, 105. 
Operation of two cycle engine, 33, 


ills. and 


Outward stroke, 30. 
Overhauling car, 461-4. 
Overload, electric, 386, 


P 


Packard Co. progressive gear, 449, 
Packing rings, 24. 
Paraffin wax, 57. 
Parallel connegtion, 135, 136. 
Parts of cylinder, 23 
Patching tire, 326. 
Pedals, foot, 20. 
Peerless cars, 204. 
speed selector, 438. 
Perfiex ignition system, 
des., 199. 
Permanent air gap, 176. 
Petrol, def., 59. 
Petroleum, des., 55, 56. 
distillation of, ills., des., 54, 56. 
ether, 57. 
products of, ills. and des., 54. 
Pipe, air inlet, des. and ills., IBY, 
sizes, table of, 107. 
Piston, des., 24. 
cleaning, 464. 
displacement, 24. 
leaky, how indicated, 240, 241. 
of gas engine, 23. 
ring, leaky, 124. 
rings, 24, 25. 


ills. and 
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Pitting, of vibrator points, 192, 193. 

Pittsfield distributer, ills., des., 177. 
timer, ills., 171. 

Plain coil, def., 163, 164, 183. 

Planetary transmission, des., 279. 
ills., 289. 

Plante battery, 398. 

Plate, des., 399. 
Plates, battery, changing color, 404, 
405, 409. 
battery, des. and ills., 398, 413. 
types, 399. 

Platform springs, ills., 306. 

Platinum, for contact points, 152. 

Plug, ignition cut out, 440. 
spark, testing, 203. 

Plumbago, def., 351. 

Pole pieces, def., 387. 

Poles, of a magnet, def., 129. 

Pope-Hartford engine, ills. 

des., 241, 
lubrication system, 358. 

Poppet valves, 25. 

Positive pole, def., 129, 131. 
system, of lubrication, 356. 
valves, des., 26. 

Potential, def., 126. : 

Pounding, to be avoided, 445. 

Power, def., 39. 
losses of, 239. 
plant, 18. 
stroke, def., 27, 29. 

Pre-ignition, 246. 
troubles, 206. 

Press button, use of, 288, 

Pressure, absolute, 40. 
atmospheric, 40. 
back, 42. 
eylinder, 41, 42. 
during suction stroke, 40. 
relation to volume, 40. 
regulator, ills. and des., 354. 
system, of lubrication, 356. 

Primary air supply, 72, 82, 85. 
cell, def., 131. 
circuit, 181. 
connections, 205. 
current, 128, 180, 160, 252. 
current, precautions necessary, 

258. ‘ 
element, 175. 
induction coil, 152, 153. 
spark plug, 176. 
switch, 205. 
winding, 130. 
Priming carburetter, 82. 
Principles of gas engine, 36. 


and 


Products of petroleum, ills., and 
des., 54. 

Progressive transmission, des., 279, 
280, 281, 449. 


Prony brake, 116. 
Propeller pump, 46. 
Properties of cork, 272. 
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Pump centrifugal, des., 48. 
drive for, 49 
gear, des., 47. 
propeller, des., 48. 
Pumps, types, 46. 
Puncture of tires, 325. 
Push buttons, 20. 
rod valve, ills. and des., 224. 
Pyroligneous acid, 65, 


R 


Radiating surface, of cylinder, 51, 
Radiator, ills., 44, 45, 228, 
cleaning, 465. 
filling, 228. 
honeycomb, des., 49. 
construction, types of, 52. 
Radius rod, des., 294, 308, 309. 
Railway tracks, 455. 
Rancid oil, 355. 
Ranier pedestal frame, ills., 311. 
Rauch & Lang controller, ills, and 
des:, 427, 
Rectifier, general electric, des., 418. 
mercury are, des., 
Regulator, exhaust pressure, ills, 
and des., 354. 
Remy wiring diagrams, 184. 
Repairs of tires, 323, 327. 
Resistance, 125, 
Retarding spark, 170. 
Rheostat, 141. 
Rich mixture, 82. 
why objectionable, 94. 
Rim cutting, how caused, 328, 
Rims, care of, 331. 
Ring broken, how indicated, 240, 
241, 
piston, leaky, 124, 
Rings, piston, 24, 25. 
Road adjustment, 116. 
motor cycle, 3874. 
Road rules, 451-457. 
Rock oil, des., 55. 
Rod, radius, des., 309. 
torsion, des., 309. 
Roller bearings, ills., 342-345, 
chains, des., 296, 297, 
contact, def., 171. 
Rotary pump, des., 46, 
Rubber, des., 318, 
how manufactured, 318. 
Rules of the road, 451-457. 
Running down, cause of, 238. 
gear, detals of, 19. 
gear, ills. and des., 18, 305, 314, 
Slowly, 446, 


Ss 


Safe loads on ball bearings, table, 
341. 
Safety air gap, 180. 
Schebler carburetter, ills. and des., 
94, 109. 
Secondary air, 72. 
batteries, def., 395. 
cell, def., 131. 
circuit, 181, 182. 
current, 128, 130, 160. 
element, 175. 
induction coil, 163. 
spark plug, ills., 177, 178. 
winding, 130. 
wiring, faulty, 257. 
Second speed, 279. 
speed, gear shifting, 442, 


Self-starting device, des., 440. 


Seizing, how caused, 238. 


Selective transmission, des. ang 


ills., 279-288,, 449, 450. 
transmission lever, ills., 487, 


Selectors, speed, 487, 438. 


Apperson, 438, 
Buick, 488. 
Cadillae, 438. 
Corbin, 438. 
Columbia, 438. 
Elmore, 488. 
Franklin, 438, 
Knox, 488, 
Locomobile, 438. 
Lozier, 488. 
Matheson, 438. 
Oldsmobile, 438, 
Peerless, 438. 
Simplex, 438. 
Stearns, 488. 
Studebaker, 4388, 
Thomas, 438. 
Toledo, 438. 
Walter, 438. 
Winton, 438, 
Semi-floating axle, ills.; des., 309. 


Series battery connection, diagram, 


134, 185. 
multiple connection, 135-8, 
wound motors, 388. 
Service brake, 484. 
Shaft, of gas engine, 23. 
drive, des., 291. 
drive, types, 292. 
Shifting change speed gears, 446, 
gear lever, ills. and des., 286. 
Shock, absorber, des., 307, 308. 
advantage of large wheel, 315. 
Short circuit, def., 127, 205, 390. 
circuit, how caused, 257.. 
circuiting, 251, 409, 411, 
Side slipping, 459. 
Signal whistle, 489, 
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Signals, for stopping, 453. 
Signs, caution, 459. 
Simms-Bosch magneto, 159. 
Simplex speed selector, 488, 
Single chain drive, 294. 
Single cylinder engine, 32. 
Spark coil, 163. 
Skidding, 458. 
Sliding contact, def., 171. 
Slings, steel, ills. and des., 462. 
Slipping, des., 271. 
Smoke, from exhaust, 248, 244. 
Snap rings, 24. 
Soapstone, use of, 352. 
Solutions, anti-freezing, 261, 262. 
South pole, def., 129. 
Spark, changing, 170. 
coils, arrangement of, 212. 
control, 175, 446. 


control, starting 
231, 232, 234. 
gap, 257. 


generator, ills. and des., 202. 
how produced, 128. 

lever, location, 434. 
management of, 444, 445. 

Spark plug, Bosch, ills., 156. 
defective, how ‘detected, 251, 259. 
failure to work, 180. 
fouling of, 258. 
ills. and des., 156, 159. 
insulation, 179. 
secondary, def., 177. 
testing, 203. 
wiring diagram, 157. 
troubles, 258. 

Spark plugs, coil, des. and ills,, 198. 

; for ignition, 198. 
special required by magneto, 195, 
trouble from, 206. 
types, 180. 

Specific gravity, 400. 
bottle, 400. 
of oils, 61. 
hydrometer, 400. 

Speed, changes, 448, 447, 
control, .451. 
engine, 73. 
gears, change of, 446. 
selectors, ills., 438, 439. 
fepularion of, 443. 

des., 

Spinning, aoe 271. 

Splash system, of ‘lubrication, 356. 

Splitdorf master vibrator coil, ills., 

and des., 189. 

Spray carburetter, ills., des., 70, 71. 

Spraying gasoline, 83-89. 

Spray nozzle, 83. 

Spring, pusilery valve, 111, 112, 114. 

Springs, des., : 
qualities Beane. 307. 

Spur, differential, des., 304. 
gear drive, 300. 


adjustment, 


Stale gasoline, def., 63, 121, 122. 
Standard Dipe sizes, tables of, 107. 
Starting, 82, 441, 442. 
adjustment necessary, 231. 
difficulties, 238. 
engine, 19, 77, 98, 109, 110, 235. 
misfiring, 236. 
motor cycle, 372, 3738. 
Steam engine cycle, heat of, 41. 
Stearn’s speed selector, 438. 
Steam vulcanizer, ills., 327. 
Steering gear, des., 18, 19. 
gear, overhauling, 469. 
wheel, ills. and des., 20, 239. 
Stopping motor cycle, 376. 
Stopping signals, 453. 
Storage, of gasoline, 64. 
SERS ee des., 140, 141, 395, 


cell, action of, 395, 396. 

cell, Exide, ills. and des., 400. 
Straight line drive, ills., des., 293. 
Stroke, def., 29. 

suction, effect of, 72. 
Stromberg carburetter, des. 

ills., 88. 

Studebaker speed selector, 438., 
Suction, excessive, 72, 

normal, 73. 

pressure, 40. 

stroke, 29, 72. 
Sulphation, def., 143. 
Surface carburetter, 70. 
“Sweet,” def., 269. 
Swinehart flange rim, 331. 
Synchronous, def., 190. 

circuits, des., 190. 

drive, def., 150. 

ignition, ills. and des., 191, 192. 
System, in overhauling car, 476. 


and 


T 


Table, of anti-freezing solutions, 


of inflation of tires, 330. 
of safe loads on ball bearings, 
341. 

Tank, gasoline, filling, 226, 227. 
gasoline, ills., and des., 228. 
leaky, 121. 

Tax, on alcohol, 66. 

Temperature, effect of on cork, 273, 
for vulcanizing, 327, 
of gasoline, 62. ° 

Testing batteries, instruments, 402. 

Third speed, i 

Thomas engine installation, 237. 
speed selector, 438. 
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Three disc cork insert clutch, ills., 
273. 

Throttle, starting adjustment, 231, 
234 


adjustinent, 73, 77. 
lever, hand, 433. 
levers, use of, 432. 
valves, ills., 104, 434. 
Throttling, 82, 9. 
Tickler, 82. 
Timer, construction, 170. 

def., 162, 170. 

Pittsfield, ills., 171. 
Timers, trouble from, 205. 
Timing, 148, 149, 169, 209. 

adjusting, 211, 474, 476. 

of magneto, 216. 

device, care of, 253. 
Timing devices: 

contract breaker, ills. and des., 


162, 178, 174, 183. 

contact maker, ills. and des., 
162, 172, 178, 188. 

distributor, des., 62-3, 174-6. 


mechanical vibrator, ills. and 
des., 172, 173. 
plain coils, 183. 
primary element, 175. 
secondary current, 160. 
secondary element, 175. 
spark control, 175. 
timer, def., 162. 
trembler, ills. and des., 173. 
Tire, attachment to wheel, 320. 
broad, 316. 
clincher, 320, 321. 
pneumatic, 317, 318, 319. 
qualities of, 318. 
repairing, 327. 
Tires, care of, 322, 323, 329, 881, 333. 


effect of dampness, 331. 
for motor trucks, ills., 332, 334. 
inflation table, 3380. 
overhauling, 471. 
types of, 817, 320, 
wear on, 383. 
Tire troubles, 328, 324. 
Toledo speed selector, 438. 
Tool kit, ills., 461. 
Torsion rod, des., 298, 808, 309. 
Transmission, def., 275. 
forms of, 449, 450. 
frictional contact, des., 290. 
lever, handling of, 446-448. 
levers, ills. and des., 486. 
planetary, des. and ills., 289. 
principles, ills. and des., 276. 
progressive, des., 280, 281. 
of motor cycles, 3872. 
selective, des. and ills., 282, 288, 
284, 287, 288. 
system, cleaning, 465, 
theory of, 277, 278. 
types, 279. 


Trembler, ills. and des., 173. 
Trolley tracks, 454. 
Troubles, with spark plugs, 258. 
Trucks, electric, 377, 379. 
gasoline-electric, 377. 
Truffault shock absorber, ills., 308. 
Two-cycle, def., 29. 
Two-cycle engine, operation of, 33, 
34, 35. 
where favored, 37. 


U 


Unisparker battery system, ills., 200, 

Units, of electricity, 381. 

Universal joint, des., 291, 292. 
joints, examination, 468. 


V 


Valve, action, 217, 219. 
admission, ills. and des., 31. 
clearance, 476 
gear, des., 23, 26. 
gear, motor cycle, ills.,des., 367, 
grinding, ills. and des., 2385. 
inlet, cause of sticking, 240. 
late, 218. 
opening, area of, 105. 
push rod, ills. and des., 224. 
setting, 209. 
spring, air, adjustment, 115. 
stems, adjustment, 475. 
tappets, adjustment, ills., 475. 
velocity, of mixture, 40. 
Valves, 25, 30. 
admission, 26. 
arrangement on cylinder, 366. 
grinding of, 464. 
grinding, why necessary, 446. 
removal of, 463. 
Vans, electric, 377. 
Vapor, def., 89. 
Vaporization, by heat, 90. 
defective, 260. 
how governed, 89, 90. 
Vaporizer, des., 69, 112. 
Vehicle, electric, failure to start, 
389, 390. 
controller, ills., 426. 
Vehicles, electric, principles of, 379. 
Velocity, of fixture, at valves, 40. 
Venturi, gee a? 99, 101, 
tube, 9' 
tube, ae of, 101, 
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Verdigris, how formed, 144. 

Vibration, trouble from, 205. 

Vibrator, adjusting, 168, 169, 254, 255, 
473. 


failure of, 257. 
coil, ills. and des., 163-167, 185. 
coils, ignition with, des., 186, 187. 
mechanical, 185. 
points, pitting, 192, 193. 
Volume, relation to pressure, 40. 
Volt, def., 126, 383. 
Voltage, def., 126. 
Volt-ammeter, ills. and des., 382. 
Volt meter, ills., 384, 385. 
indicates, 386, 
use of, 139. 
' Vulcanizer, steam, ills., 327, 
Vulcanizing tire, 327. 


WwW 


Walter speed selector, 438, 

Water, circulating, 44, 45. 
circulation, temperature, 50. 
circulation, velocity of flame, 50. 
connections, cylinder, 49. 

Jn carburetter, 247, 


y mixture, 247. 


Water—Continued. 


jacket, 41, 44. 
supply, care of, 229, 237. 
Watt, def., 384. 
Watt, James, 384. 
Weak battery, effects of, 252. 
explosions, 124. 
how indicated, 138: 
Wear, ills. and des., 348. 
Wheel, artillery, ills., des., 312, 318. 
cleaning, 469. 
large, advantage of, 315. 
steering, 20. 
Wheels, comparative merits, 315, 316, 
examination, 469. 
motor cycle, 364. 
qualities necessary, 311. 
slipping, 450. 3 
Whistle signal, 439, 
Willett carburetter, ills., des., 102. 
Winton lubrication system, ills. 
and des., 230. 
speed selector, 438. 
Wiring break, 204, 205. 
diagrams, 168, 207. 
Wood, distillation of, 65. 
alcohol, 6. 
spirit, 65. 
Work, def., 277. 
Working cycle, def., 29. 
Wrench, adjustment of, ills., 225. 
Wrist pin, 24. 
wear of, 464. 
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CAUTION 


Automobile owners, as a rule, in discussing their costs 
generally name the great item of expense as being tires, and in 
that connection they are inclined to arraign the makers of pneu- 
matic tires as being responsible for this condition. 


These statements are based on more or less experience, and 
doubtless justified in part by the records of bills paid by those 
who buy tires. Mention 1s made of thts common trouble in 
: the hope that 1t may suggest a way of reducing the sum total 
of tire bills, as well as leading tn the direction of safer and saner 
methods tn driving, and in the last analysis, greater pleasure 
from automobiles. 


\ 


* Accidents will also be reduced, as well as wear and tear 
mentally on an owner in connection therewtth. In other words, 
sanity in the use of the automobile 1s of incalculable money 
value which no owner should ignore: and the reverse of the 
proposition is an unnecessary extravagance, which, uf indulged 
in, should not carry with it an invective against the ture manu- 
facturer or the manufacturer of the car. In other words, the 
responsibility for high costs in running expenses is absolutely 
in the hands of the owner, or, perhaps, more direcily in the 
hands of the driver. 


Excessive speed, under all conditions, 1s done at high cost, 
which abnormal cost can only be reduced by the adoption of sane 


methods. 
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There are three prime factors responsible for short tire life: 
1. Excessive speed, especially during the warm months; 
2. Changes of direction at a high rate of speed; 

3. Excessive and unnecessary use of mechanical brakes. 


The life of tires is considerably prolonged by avoiding 
the above three enemies of the pneumatic tire’s longevity. So 
much for the direct money cost, but if these three principles 
be insisted upon by owners, the liability of accident will be 
reduced toa minimum, and all the high costs incident to property 
and personal damage. 


The antagonism of the farmer against the automobile is 
mainly the result of a series of circumstances which to “the 
other fellow” seems like a succession of outrages. It ts well 


for the driver of an automobile to realize that the other fellow — 


used the highway, more or less unmolested, ever since there were 
highways. That, while he may feel he has pre-emption, that 
pre-emption goes no further than the joint use. For the driver 
of an automobile to assume to use more than his share of the 
road to make of his vehicle a menace, or at the very least a 
nuisance to other users, is a very natural cause for antagonism. 


The users and drivers of automobiles can, by sane driving, 
do the larger part in accomplishing a reversal of this sentiment, 
and in any event only fair play will eliminate the prescnt friction 
which none may truthfully deny exists. 
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THE AUTOMOBILE 


The modern automobile represents a long series of 
inventions and improvements. In one way, it has a history 
similar to that of the railway car. At first both were de- 
vised as suitable substitutes for the horse drawn vehicle, 
and, as a consequence, began by following certain tradi- 
tions of construction, which have proved very like hin- 
drances to progress. 

Only when the theory of railway car construction de- 
parted entirely from the models and traditions of road 
wagons in the adoption of the American passenger coach, 
did the day of real progress and comfortable travel begin. 
In similar fashion, many of the greatest constructional 
problems of automobiles may be most readily solved, both 
for the designer and the operator, in recognizing the fact 
that they resemble horse carriages in no other respect than 
that both have similarly appearing bodies, mounted on 
four wheel frames, and run on ordinary highways. 

Several things have contributed to reduce the cost of an 
automobile and insure its reliability. The enormous number 
of cars that are built allows them to be sold at very mod- 
erate prices. The quantity makes each individual part of 
the car cost less, and the use of interchangeable methods in 
manufacturing gives an owner any repair part at a very 
small price. 

Engineers have “learned” materials for each part; steel 
makers have co-operated with them to produce special 
grades of steel suitable for automobile use, thus securing 
lightness combiaed with strength and durability. 
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Answers Relating to the Automobile 


Ques. What are the principal parts of an automobile? 


Ans. I, a wooden or metallic body containing the 
seats, and 2, a chassis, which includes the frame, the power 
plant, the running gear, and the steering gear. 

Chassis is a word introduced into popular favor with the auto- 
mobile. It is from the French chassis, meaning a frame. In 


automobile construction, a rectangular framework of iron or steel 
directly supported on springs attached to the front and rear axles, 


{Universal Jants. 


We (Nemorryd | elo ——— oe : 
1B 


Fig. 1—Chassis of .an automobile. Plan showing arrangements of the 
parts of which the chassis is composed. ‘They are, the frame, the power plant, 
the running gear, and the steering gear. 


Ques. Describe the power plant of a gasoline automobile. 


Ans. The engine, as shown in fig. 1, is attached to the 
forward end of the frame, and on account of the nature 
of the gas engine cycle, power is applied in propelling the 
car: 1, through a clutch, 2, a gear set containing a series 
of spur gears for altering the speed of the engine with 
respect to that of the rear wheels, 3, a shaft drive with a 


universal joint at each end or a jack shaft and chain drive, ~ 
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4, a differential gear which allows the rear wheels to rotate 
at different speeds on a curve, 5, a rear drive axle, or sprock- 
ets through which the power is finally delivered to, 6, 
the rear wheels. 


Ques. What is necessary for the operation of the engine? 


Ans. The following accessories: 1, fuel system, 2, 
ignition system, 3, cooling system, 4, muffler, and 5, the 
control levers. 


Ques. What is understood by the running gear? 


Ans. This includes: 1, the springs which absorb shocks 
due to uneven roadway, 2, the axles, 3, wheels, and 4, the 
steering gear. 

Ques. What other means are provided for absorbing shocks 
besides the springs?’ 

Ans. The wheels are fitted with pneumatic, or solid 
tires, of sufficient elasticity to reduce considerably the 
vibration to be taken care of by the springs. 


Ques. How is the steering gear ordinarily constructed? 


Ans. The steering wheel and shaft are carried by a 
column inclined at a convenient angle in front of the driver’s 
seat, and supported at its base by the frame., Motion is 
transmitted to the two forward wheels through a worm 
on the lower end of the steering shaft and connections. 
The forward wheels turn on studs which are pivoted at 
each end of a rigid axle tree, so that the motion transmitted 
from the steering wheels turns the studs through parallel 
angles, thus enabling, when desired, the car to travel in a 
curved path. 


Ques. How is the engine started? 


Ans. By “cranking,’’ that is, giving the starting handle 
one or two turns by hand; the starting handle consists of 
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a crank having a clutch which engages with the forward 
end of the engine shaft. A spring pushes the clutch out 
of engagement when not pressed toward the engine in 
cranking. 
Ques. How is the motion of the car controlled on the roadway? 
Ans. By a series of control levers, mounted on the 


frame at the driver’s side, and on the steering wheel or 
column; also by several foot pedals. 


Ques. What levers are at the side of the car? 


Ans. The inner lever for shifting the transmission 


gears, and the outer lever for operating the emergency 
brake. 


Ques. What levers are on the steering wheel or column? 


Ans. 1, the spark control lever, and 2, the hand throttle 
lever. 


Ques. Explain the use of the foot pedals. 


Ans. The left pedal releases the clutch, the middle 
pedal applies the service brake, and the right pedal operates 
the throttle. 


Ques, Are there any other control devices operated by the foot? 


Ans. Sometimes push buttons are provided to cut out 
the muffler, and to operate an exhaust whistle. 
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THE GAS ENGINE. 


The term “gas engine” is usually used to designate 
the internal combustion engine without regard to whether 
it operates with gas or liquid fuel. The purpose of all 
engines is to convert the heat generated by the combus- 
tion of the fuel into work. Existing engines may be divided 
into two classes according as the combustion takes place 
outside or inside the working cylinder. 


In the first named class, the heat of combustion ig 
transmitted by conduction externally to a working sub- 
stance or medium, which carries the heat into the cylinder 
and there is transformed into work. The most common 
example of this class is the steam engine; another example, 
though in limited use is the hot air engine. 


In the second class, the fuel is introduced into the 
cylinder in the form of an explosive mixture, and there is 
ignited; the heat generated by the combustion is trans- 
formed into work, acting directly on the piston—hence the 
name, ‘‘internal combustion engine.” 


The important connection between the gas engine and 
the automobile justifies the following suggestions relating 
to its construction and workings. 
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Fig. 2.—Sectional view of a four cycle gas engine showing the valve gear 
and other working parts. Both inlet and exhaust valves are mechanically 
operated. ‘The location of the valves diametrically opposite each other, re- 
quires a separate cam shaft for each. These cam shafts are geared to the 
engine crank shaft, and they make one revolution to every two of the engine, 
When the inlet valve is operated by a spring and the engine suction, only one 
cam shaft is necessary, as illustrated in fig. 7. 
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Answers Relating to the Gas Engine 


Ques. Name the parts of a gas engine. 


Ans. A gas engine is composed of stationary and 
working parts. : 

The stationary parts are: 1, the cylinder, and 2, crank 
case; the working parts are: 1, the piston, 2, connecting 
rod, 3, shaft, 4, fly wheel, and 5, valve gear. 


e 


Ques. Describe the cylinder. 


Ans. ‘The cylinder of a gas engine is open at the end 
toward the crank, and closed at the opposite end, save 
for inlet and exhaust ports, which are opened and closed 
by valves. 


Ques. What is the combustion chamber? 


Ans. This corresponds to the clearance space in a 
steam engine cylinder, but its object is to provide a small 
space into which each charge of the fuel mixture may be 
compressed to considerable pressure on the compression 
stroke of the piston, and then ignited. Together with 
the volume displaced by the piston, it forms the total 
content of the cylinder as measured when the piston has 
teached the end of the outward stroke. 


Ques. What other name is given to the combustion chamber? 


Ans. It is sometimes called the clearance, as it is the 
space which is not displaced by the piston on its inward 
stroke. 
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Ques. What does the size of the combustion chamber determine? 


Ans. The degree of compression; the smaller the 
chamber in proportion to the piston displacement, the 
higher the pressure to which the mixture is compressed. 


Ques. How is the cylinder supported? 


Ans. By the crank case, which is a closed box-like 
structure, made up of an intermediate piece to which the 
cylinder is attached, and a lower piece which retains the oil. 


Ques. Describe the piston. 


Ans. It consists of a eylindrical box of proper size 
to slide back and forth in the cylinder bore, and is of the type 
known as. ‘‘trunk piston.’ This form of piston performs 
the duties of both piston and cross head. The piston is 
single acting, that is, it is acted upon by the power on one 
face only. To prevent leakage, several grooves are cut 
in its circumference to receive packing rings, the type 
generally used being known as “snap rings.”’ 


‘ 


Ques. How is the piston attached to the connecting rod? 


Ans. ‘The upper end of the connecting rod is pivoted 
to a “wrist pin,’’ which is inserted in the piston through 
a hole bored through its central diameter. The wrist pin 
is retained in place by two set screws. 


Ques. Describe the construction of the piston packing rings. 


Ans. They are made from a pipe shaped casting, 
which is turned in a lathe to an outer diameter slightly 
larger than the cylinder. The inner circumference is 
then turned from another center, and the ring cut off and 
split at the thinnest section. Enough metal is removed 
at the split section sc that the ring may be slightly com- 
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pressed and again turned externally to the diameter of 
the cylinder while compressed. The latter operation 
causes the ring to bear evenly against the cylinder walls, 
thus making a tight joint. 


Although formed of a brittle substance, piston rings have con- 
siderable elasticity, being capable of opening sufficieatly to be slid 
over the outer diameter of the piston, and to ‘“‘snap’’ back into 
the grooves. 


Ques. What is the use and construction of the connecting rod? 


Ans. It transforms the to and fro motion of the piston 
into rotary motion and transmits the thrust or power 
impulse of the piston to the shaft. The connecting rod 
is usually of rectangular or I shaped construction, and has 
an adjustable bearing at each end. One end is pivoted 
to the piston by the wrist pin, and the other end to the 
shaft by the crank pin. 


Ques. Describe the crank shaft. 


Ans. This is formed from a solid steel forging, and 
consists of a central cylindrical piece, from which radiate 
one or more center cranks, corresponding to the number 
of connecting rods. The order of cranks depends upon 
the type of the engine. 


Ques. What kind of valves are used on a four cycle engine ? 


Ans. Poppet or mushroom valves. ‘These consist of 
metal discs beveled around one face, so as to fit into a 
countersink in the port; they are carried upon spindles. 


Ques. How many valves are necessary ? 


Ans. An admission or inlet valve, and an exhaust 
valve for each cylinder. 
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Ques Narre the two types of admission valve. 


Ans. The automatic, and the positive or mechanically 
operated valve. 


The automatic inlet valve, operated by suction of the piston 
against the tension of a spiral spring, has been extensively used, 
but has beeti largely replaced by the positive type. The reasons 
for this change are that the automatic valve often sticks with 
gummed oil on its seat; that the spring tension may vary, thus 
changing the fuel pressure in the cylinder; that it is noisy; that its 
operation on high speed engines is unreliable. As against these 
defects, the positive inlet valve possesses the advantages of opening 
and closing as desired, without noise or sticking and of giving the 
same amount of opening at both high and low speeds. The ex- 
haust valve is always operated mechanically. 


Ques. Describe the valve gear. 


Ans. The valve stem is made of sufficient length to 
extend down into the crank case; it enters through a bush- 
ing which serves as a guide. Attached to the end of the 
stem is a roller bearing, which rides on a cam attached to 
the cam shaft. The latter is geared to the crank shaft in 
such proportion that it makes one revolution to every two 
of the crank shaft. By means of a spring, the roller bear- 
ing is held in contact with the cam. 


Ques. Are two cam shafts necessary ? 


Ans. The valves may be operated from a single cam 
shaft when they are located on one side of the cylinder; when 
the valves are on opposite sides, two cam shafts are needed. 


Ques, What is necessary for the operation of a gas engine ? 


Ans. ‘The fuel, ignition, cooling, and lubrication systems. 


A defect in any of these will affect the operation of the engine, 
hence it is desirable to clearly understand the principles involved 
in the working of these several systems, as later explained. 
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[HE HEAD OF THE CYLINDER. 


The valve in the head construction admits of large valves opening directly into the com- 
bustion chamber, thus, eliminating pockets that would retain heat or dead gas. This form 


gives the maximum power, but in some designs there is insufficient cooling surface. 
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Two revolutions or four strokes of the engine are required for the cycle. During the first 
stroke, the ‘‘charge’’ is drawn into the cylinder, which is compressed during the second stroke, 
burned during the third, and exhausted during the fourth stroke, 
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THE CYCLE OF A GAS ENGINE 


, 


The term “cycle,” as applied to an engine, is defined as 
a series of events which are repeated in regular order, consti- 
tuting the principle of operation. These several events 
comprise the transformations which take place in the work- 
ing medium, or, with reference to the gas engine, the 
distribution and behavior of the fuel mixture in passing 
through the engine. 


The gas engine derives its energy from the heat, gen- 
erated by the combustion within its cylinder, of a mixture 
of fuel in the form of a gas or spray mingled with air in 
proper proportion to form an explosive. 


The mixture is admitted to the engine intermittently, and 
the amount supplied at each admission is known as the charge. 

The combustion of each charge takes place under pressure 
attained by compression—a result of the inward movement of 
the piston after the charge is admitted and all valves closed. 

The effect produced by igniting the mixture after compres- 
sion is commonly called an explosion, which is simply a quick 
burning or rapid combustion of the mixture. 

This sudden explosion causes a high degree of heat within 
the combustion chamber, resulting in considerable initial pres- 
sure, and gives to the piston an impulse, which decreases in inten- 
sity while the piston advances to make the power stroke, by 
reason of the expansion of the gases. 

The products of combustion are finally exhausted from the 
cylinder. 


Expressed briefly, the cycle of a gas engine embraces: 
1, the admission of the charge into the cylinder, 2, its com. 
pression, 3, ignition, 4, combustion, 5, expansion therein, 
and 6, the subsequent exhaust of the products of com- 
bustion. 
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In the operation of a gas engine, the number of strokes 
required to complete the cycle varies with the type of engine. 
For automobile propulsion, the cycle is usually extended 
through four strokes, although in a few instances it is com- 
pleted in two strokes. Engines of these types are known 
respectively as four cycle and two cycle.* 


The Four Cycle Engine 


The four cycle engine, although more bulky than the 
two cycle engine, and requiring twice the number of cyl- 
inders for equal turning effect, is almost universally used 
for propulsion of automobiles; it has some advantages over 
the two cycle engine, which have more than offset its unde- 
sirable features, and caused it to come into general favor. 
Among the advantages which may be mentioned are: 
efficiency, flexibility, adequate admission at high speeds, 
higher degree of expansion, and more efficient exhaust. 


Answers Relating to the Four Cycle Engine 


Ques. Name the four strokes comprising the working cycle of 
the four cycle gas engine. 


Ans. 1. The suction, 2, compression, 3, power, and 
4, exhaust strokes. 

Ques. Describe what takes place during each stroke. 

Ans. During the suction stroke the piston moves out- 
ward and draws inacharge of the fuel mixture. The follow- 
ing inward stroke compresses the charge into the combustion 
chamber; just before the end of this stroke the charge is 
~*NotE—These terms have been criticised by some as incorrect; they are con- 


veniently and properly applied to the gas engine when considered as abbrevia- 
tions for four stroke cycle, and two stroke cycle, 
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ignited, which causes a rapid rise of pressure, and subse- 
quent expansion of the products of combustion during the 
next, or power stroke. The expanded gases are expelled 
from the cylinder during the return, or exhaust stroke of 
the cylinder. 


Ques. Name the outward and inward strokes. 


Ans. The first and third are outward, and the second 
and fourth inward, that is, the piston moves away from 
the combustion chamber during admission and impulse, 
and approaches it during compression and exhaust. 


Ques. How often does the piston receive an impulse? 


Ans. Once in every two revolutions. 


Ques. Describe the action of the valves during the cycle. 


Ans. Duting admission, the inlet valve remains open, 
and the exhaust closed; during the compression and power 
strokes, both valves remain closed; exhaust takes place 
with the inlet valve closed, and exhaust open. 


Ques. When does ignition take place? 


Ans. At a variable time, near the end of the compres- 
sion stroke depending upon the speed and load. 


Ques. Why before the end of the compression stroke? 


Ans, So there will be time for the pressure due to 
combustion to build up and thus secure a high initial pres- 
sure at the beginning of the power stroke. 

Ques. What means are provided to keep the engine in motion 
during the three non-power strokes of the cycle? 

Ans, A heavy fly wheel; this receives sufficient momen- 
tum during the power stroke to keep the engine going at 


approximately uniform speed during the period between 
impulses. 
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Fig. 7.—Sectional view of a four cycle gas engine with automatic ad- 
mission valve. ‘his valve M is automatically opened by the suction of the 
engine. ‘The exhaust valve is mechanically opened when the cam E reyolves 
and raises the roller G, which is on the bottom of the lifter rod F. The rod 
F extends upward and rests against the bottom of the stem of the valve H, 
although between the two or at their point of contact are nut and locknut I, 
for lengthening or shortening the lifter F, and so to vary the time of opening 
or closing of the valve. ‘The spring K is compressed or squeezed together 
when the valve is opened, and immediately the cam E travels around and 
allows the roller G to fall; this spring exerts its pressure and closes the valve. 
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Ques. What objection is there to a single cylinder engine? 

Ans. The weight and size of the fly wheel must be 
considerab.e on account of the prolonged pauses between 
impulses; by reason also of the large size piston necessary, 
there is considerable vibration. 


_ Ques. How is this overcome? 


Ans, By the use of several small cylinders in place of 
a single one of large size. 


Ques. What is this arrangement called? 


Ans, A multi-cylinder engine. 


Ques. How many cylinders are used on automobile engines? 

Ans. Usually four or six in the medium and large 
size cars; for those of small size there are sometimes only 
two, and in rare instances, one. 


Ques. Explain the action of a multi-cylinder engine in over- 
coming the objection to a single cylinder. 


Ans. The heavy impulse of the single cylinder engine 
may be divided into several small impulses by working a 
number of small cylinders from one shaft. In order to 
reduce vibration, and secure a better turning effect, the 
cranks are so placed that the several impulses occur at 
different times. A small fly wheel then suffices to secure 
approximately uniform rotation. 


The Two Cycle Engine 


The two cycle engine is used, to a limited extent, for 
automobiles; the essential difference between it and the 
four cycle type is that the four operations of admission, 
compression, impulse, and exhaust, comprising the work- 
ing cycle, are performed in one revolution instead of two. 
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There is, then, one impulse for each revolution. From 
this, it follows that the weight is much less than that 
required for the four cycle engine. The necessary 
mechanical features for two cycle operation are as follows: 

1. An enclosed crank case fitted with a vaive arranged 
to open and admit fuel mixture at the front of the piston, 
on the inward stroke. 

2. Inlet and exhaust ports located near the extreme 
outward position of the piston, so that they will be uncovered 
during the outward stroke. 

3. A by-pass tube connecting the interior of the cylinder 
with the crank case, so as to admit the charge at the propet 
point in the cycle. 


? 


Answers Relating to the Two Cycle Engine 


Ques. In the pperation of a two cycle engine, what occurs during 
the first stroke? 

Ans. The piston moves inward and draws in a charge 
of the explosive mixture into the enclosed crank case; 
during this operation the charge previously admitted to 
the cylinder is compressed and ignited as the piston nears — 
the end of the stroke, as shown in fig. 8. 


Ques. What occurs during the second stroke? 


Ans. The pressure caused by the explosion of the 
charge drives the piston outward, and slightly compresses 
the mixture drawn into the crank case during the previous 
stroke, as in fig. 9. Near the end of this stroke the piston 
uncovers the exhaust port and the burnt gases are exhausted. 
During the remainder of the stroke the piston uncovers 
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ee eee 
the admission port, as in fig. 10, and the new charge, 
previously compressed in the crank case, is admitted to 
the cylinder, being deflected upward to the head end of 
the cylinder by a screen or ‘deflector plate’’ set in the end 
of the piston. 
The “‘inrush” of the new charge helps materially to clear 
the cylinder of the burnt gases from the previous charge. The 


object of the deflector plate is to prevent the entering charge 
passing out through the exhaust in place of the burnt gases. 
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Fig. 8.—The two cycle engine: first stroke. The inward stroke of the piston 
induces a charge of the mixture at A into the crank case B, and compressa3 
the previously admitted charge into the cylinder D; the subsequent ignition 
takes place at EF, 


Ques. What advantages has the two cycle engine over the four 
cycle? 


Ans. Less weight, and the absence of poppet valves 
with their springs, stems, push rods, and cam shafts, thus 
effecting a more simple construction. Since the frequency 
of impulses is greater, a better turning effect is secured. 


Ques. In what respect does the four cycle engine excel? 


Ans. Fuel economy, 


THE TWO CYCLE ENGINE 35 


Fig. 9.—The two cycle engine: first part of second stroke. ‘The outward 
stroke of the piston uncovers the exhaust port, thus releasing the burnt gases 


in the cylinder, and simultaneously compressing the previously admitted charge 


in the crank case. 


Fig. 10.—The two cycle engine: end of the second or outward stroke 
‘The gases compressed in the crank case are admitted to the cylinder space, D 
through the open inlet port, and sometimes past the screen or deflector, C. 
The passage between the cylinder and the crank case is controlied by a butter- 


fly valve, which here, as in figs. 8 ard 9, is shown open, 
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BRIEF OUTLINE OF GAS ENGINE. 
PRINCIPLES 


The gas engine derives its power or energy from the 
heat generated by the combustion, within its cylinder, 
of a mixture of gas and air in proper proportion to form 
an explosion. 

As compared with the steam engine, the gas engine is 
more bulky and heavier on account of the intermittent 
nature of its working cycle. In operation, there are four 
impulses of the steam engine to one of the four cycle gas 
engine, hence, for equal power, its piston area must be four 
times that of the steam engine per pound of mean effective 
pressure. 


Answers Relating to Gas Engine Principles 


Ques. Define “efficiency’’ as applied to the gas engine. 


Ans. The efficiency of a gas engine is the proportion 
of heat turned into work as compared with the total heat 
produced by combustion. 


Ques. Does this represent the actual efficiency of a real engine? 


Ans. No, there are various losses in operation which 
cause the actual or mechanical efficiency to be less than 
the thermal or theoretical efficiency as defined above. 


Ques. How is it known that heat “can be turned into work?” 


Ans. From experiments of Joule and others, it has 
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PLATE.—DETAILS OF FISCHER CRESCENT 
SHAPED VALVE ENGINE. 


The sectional view shows upper portion of cylinder, 
head, inlet and exhaust passages through the crescent 
shaped slide valves. 


At the left is seen a view of the valve, showing port 
and lubricating grooves. 


The top view of three cylinder enzine shows the 
crescent form of valve seats. 
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been demonstrated that heat and mechanical energy are 
mutually convertible in the proportion of about 778 foot 
pounds for the British thermal unit. 


Ques. Why is the four cycle engine more economical than the 
two cycle type? 


Ans. With the cycle extended to four strokes, there 
is more time for admission and exhaust; since these events 
take place at separate intervals, no chance is given for 
any of the charge to escape past the exhaust valve while 
open. Owing to simultaneous admission and exhaust in 
the two cycle engine, pre-release of the burnt gases must 
take place earlier than in the four cycle engine, resulting 
in a loss of power which is avoided in the latter. The inef- 
ficiency of admission and exhaust ot the two cycle engine 
becomes more marked at high speeds. 

The successful operation of the two cycle engine at high 
speeds will depend on adequate provision for rapid exhaust. 
A prominent gas engine authority remarks: 

“The two cycle engine, at best, is the next thing to an impos- 
sibility.” By this statement, he means that the act of admitting 
inflammable fuel mixture into the cylinder, already filled with 
flaming gas, without igniting it, involves something closely 
approaching a contradiction in physical conditions. 

Were it not for the fact that the burning gases actually 
exhaust faster than the new mixture is admitted under impulse 
of their inherent expansion, the ignition of the new charge would 
seem to be nearly inevitable. 

By deflecting the incoming mixture to the rear end of the 
cylinder, it follows the rapidly expanding exhaust, coming into 
contact with it only when the expansion has so far reduced the 
temperature that the danger of pre-ignition is averted. 


Ques. For what service is the two cycle engine extensively used? 

Ans. For marine use, especially to propel boats of 
-mall size. 

Ques. Why is this? 

Ans. On account of its light weight, simplicity, and 
small space, as well as low cost of construction. 
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Fig. 11—Theoretical diagram of a four cycle engine. The assumed 
values for temperatures, volumes, and pressures, however, do not correspond 
to the maxima and minima of such as may be derived from theoretical 
computations, but represent values which are a fair average of those occutring 
in the cylinder of a gas engine, operating under actual conditions. ‘The cycle 
is represented in the diagram as follows: 1st stroke (outward) admission of 
charge, line a5; 2nd stroke (inward) compression of charge, line be, and 
ignition, line cd; 3rd stroke (outward) expansion of the ignited charge, line 
de, and release of the products of combustion, line eb’; 4th stroke (inward) 
exhaust of the products of combustion, line b’a. 


HORSE POWER FORMUL 


Formule for indicated horse power 


for four cycle engines ) .000001 D?LRPN 
Pt Pens two ‘a j = ;.000002 D?LRPN 
“ “~~ eylinder steam engines .000008 D?LRP 


in which D, L, Rand N have the same meaning as given below, and 


I. H. P. = indicated horse power; P = mean effective pressure during 
the cycle. 
Formulce for Rating Four Cycle Engines 

Authority 
Gage ELP. ON Me (diam. of piston)? x nuciber of cylinders. 

Club 2.5, 2.5 
Brit. Inst. of Auto Engrs. H.P. = .45 (D + L) (D — 1.18) 

D2LRN 

E. P. Roberts H.P. = 18,00) 

In the formule 
D = Diam. of cylinder in inches. R = Rev. per min. of crank shaft. 
L = Length of stroke in inches. N = Number of cylinders. 


Derivation of the S. A. E. Horse Power Formula 
The indicated horse power of a single cylinder, four cycle engine is equal to one- 
quarter times the mean effective pressure P, acting throughout the working scroke, 
times the area of the piston A, in square inches, times the piston speed S divided by 
33,000, thus: 
PAE 


1G, JB bel es a= “4 33 000 


multiplying this by the number cf cylinders N gives the I. H. P. for an engine of the 
given number of cylinders, and further multiplying by the mechanical efficiency of the 
engine EF gives the brake horse power. Therefore the complete equation for B. H. P. 


reads: PASNE 
BH E33 000 Xd 


The S. A. E. assumed that all gas engines will deliver or should deliver their rated 
power ata piston soeed of 1,000 feet per minute. that the mean effective pressure in 
sich engine cylinders will average 90 pounds per square inch, and that the mechanical 
efficiency will average 75 per cent. 

Substituting these values in the above B. H. P. equation, and substituting for A its 
equivaient, .7554  D?, the equation reads: 


90 X .7854 X D? X 1,000 X N X .75 


es 33,000 X 4 
and combining the numerical values, it reduces to: 
D2N 
B. H. P. = 3.489 


or, in round numbers, with a denominator 2.5. 


NOTE—It should be understood that the formule for rating four cycle engines are 
worthless in determining the actual horse power of an engine, their only use being to de- 
termine the class of license required. 
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Ques. What is a British thermal unit? 


Ans. That quantity of heat required to raise the tem. 
perature of one pound of pure water 1° Fahr., at or near 
39.1° Fahr., the temperature of maximum density. 


Ques. What is a foot pound? 


Ans. The amount of work or energy expended in rais- 
ing a weight of one pound, one foot, or in overcoming a 
pressure of one pound through a distance of one foot. 


Ques. What is power? 


Ans. The rate at which work is done. It is the quotient 
of work divided by the time in which it is done, thus: 


_ work 32 pounds x distance 
i minutes 


Ques. What is one horse power? 


Ans. 33000 foot pounds of work done in one minute. 


Ques. On what does the horse power of a gas engine depend? 


Ans. ‘There are several factors: 1, the mean effective 
pressure on the piston (in pounds per square inch,) 2, the 
area of the piston (in square inches), 3, the stroke (in feet), 
and 4, the number of power strokes per minute. The 
product of these factors divided by 33000 will give the 
indicated horse power. 


Ques. Does this represent the true power of the engine? 


Ans. No, it does not take into account the friction of 
the engine which may amount to 10% or more. 


Ques. What is brake horse power? 


Ans. ‘The actual power delivered to the shaft as deter- 
mined by making a brake test. It is equivalent to the 
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indicated horse power less the power absorbed by the 
friction of the engine. 


Ques. What is the pressure within a gas engine cylinder during 
the suction stroke? 


Ans. About one pound less than the pressure of the 
atmosphere. 


Ques. Why is this? 

Ans. A certain degree of suction, or pressure reduc- 
tion, is necessary to overcome the frictional resistance 
encountered by the incoming charge as it flows through 
the inlet manifold, and passages. 


Ques. What is the velocity of the mixture flowing through the 
valves in a well designed engine? 


Ans. From 4000 to 5000 feet per minute. 


Ques. What is the pressure of the atmosphere? 


Ans. About 14.7 pounds absolute, at sea level, that 
is, 14.7 pounds measured from the zero of a perfect vacuum. 
This is equal to zero pressure as measured on a steam 
gauge which only measures pressures above the atmosphere. 


Ques. How does 4 gas act when it is compressed? 


Ans, Its absolute pressure for any degree of compres- 
sion is approximately inversely proportional to its volume. 


Example: if the volume be reduced to half, the absolute pressure 
in the combustion chamber will be approximately doubled. 


Ques. Why does ignition occur in the combustion chamber 
before the end of the compression stroke? 

Ans. Because combustion requires time; if combus- 
tion begins at the proper instant before the completion of 
the compression stroke, the maximum pressure will be 
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attained at the beginning of the power stroke. This is 
desirable: 1, to avoid loss of power, and 2, to insure suffi- 
cient reduction of the temperature of the gases at the open- 
ing of the exhaust valve to prevent injury to the latter. 


Ques. What conditions prevail within the cylinaer during the 
power stroke? 

Ans. At or near the beginning of the power stroke 
the maximum pressure due to combustion is reached; the 
temperature at this point is excessive, being 2000° Fahr., 
or even more. As the piston advances, the gases expand, 
and both pressure and temperature fall; near the end of 
the stroke the exhaust valve opens and the pressure at 
this point drops almost to that of the atmosphere. 


Ques. How is operation possible with such high temperature 
as 2000° Fahr.? 

Ans. ‘The combustion chamber and cylinder are sur- 
rounded with a jacket through which cooling water cir- 
culates. This prevents the temperature of the cylinder 
walls and working parts rising beyond proper limits. 


Ques. What loss results from cooling the cylinder? 


Ans. Considerable heat is absorbed and carried off 
which otherwise might be converted into work. 


The heat carried off by the cooling water represents the 
greatest of the several losses, being about 50 per cent. of the 
total heat received by the engine. This, unfortunately, cannot 
be avoided because, without cooling the cylinder, the parts would 
become red hot in a few minutes, rendering operation impos- 
sible. 


Ques. How does the maximum temperature of the gas engine 
cycle compare with that of the steam engine? 


Ans. It is about four times higher. 
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Ques. What quality should a lubricant possess in order to with- 
stand the high teniperature within the gas engine cylinder? 


Ans. The ‘flash point’? of the lubricant should be 
sufficiently high so that the latter will not ignite. 


Ques. What conditions prevail during ““exhaust?”’ 


Ans. The pressure within the cylinder is somewhat 
higher than that of the atmosphere on account of the fric- 
tional resistance encountered by the gases in passing through 
the exhaust manifold and muffler. 


Ques. What is the effect of this excess pressure? 


Ans, It represents so much back pressure which opposes 
the motion of the piston and results in a direct loss. 


The loss is due chiefly to the muffler, as its many and tor- 
tuous passages offer considerable resistance to the escape of the 
gases. For this reason, the muffler is usually omitted in speed 
contests in order that the engine may deliver its full power. 
When a muffler is used, a “cut out’ valve is usually provided, 
so that full power may be obtained when required, as in ascend- 
ing a hill. 


Ques. What other loss occurs during exhaust? 


Ans. ‘The gases are expelled from the engine at a high 
temperature thus considerable heat is carried off. 

The distribution of heat in a gas engine is about as 
follows: 


Heat transferred into useful work........ 17% 
5 to the cooling water.... 52% 
“ lost in the exhaust gases........... 16% 
by “by conduction and radiation.... 15% 

83% 83% 

100% 


The above figures are quoted from Thurston’s work on. 
‘Heat as a Form of Energy,” and represent fairly the distribution 
of heat in the best forms of gas engine. 
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COOLING SYSTEMS 


As the cylinder of a gas engine is an explosion chamber, 
that is, a furnace wherein the fuel is burned, and the explo- 
sions are very frequent, it is necessary to adopt some means 
to cool the cylinder walls. If the cylinder were not cooled 
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Fig. 12.—Diagram of a gravity water circulation system for a gas engine 
cylinder. As indicated by the arrows, the water from the tank enters the 
jacket of the cylinder at the lowest point, and being there subjected to the 
heat of the cylinder walls, rises to the level of the tank water; thus main- 
taining a continuous circulation. 


in some way, it would get red hot, lubrication under such 
conditions would be impossible, and the casting would be 
destroyed in a short time. 

In addition, the temper would be taken out of the valve 
springs, the spark plugs would possibly crack, and the in- 
coming charge become so rarefied as to seriously impair 
the power of the engine. 
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Although a cooling system is a necessity, for the reasons 
stated above, it always causes a loss by absorbing a part 
of the heat units generated by the combustion of the fuel, 
thus reducing the efficiency of the engine. 


Answers Relating to Cooling Systems 


Ques. What two events of the working cycle cause the cylinder 
to heat? 


Ans. Compression and combustion. 


Ques. What two methods are used to cool the cylinder suffi- 
ciently for satisfactory working? 

Ans. 1. By a jacket of circulating water, and 2, by 
induced air currents. 


Ques. How isa water jacket formed? 


Ans. A thin space around the cylinder is provided 
for the water by an outer casing of metal, either cast with 
the cylinder, or attached as in the case of a sheet copper 
outer casing. 


Ques. What becomes of the circulating water after absorbing 
heat from the cylinder? 

Ans. It passes off to the radiator where it is cooled; 
it is then used over again, circulating continuously around 
the cylinder and through the other parts of the cooling 
system. 


Ques. Is this operation attended by any loss? 


Ans. The heat absorbed by the water causes it to 
evaporate, and even in some cases to boil. The supply, 
therefore, must be replenished from time to time. 


t 


PLATE—OVERLAND THERMO-SYPHON COOLING SYSTEM. 


_The water enters the cylinder jackets at A. Upon becoming heated by the explosions 
gcing on within the engine, the water rises to the top, entering the pipe B and passing into 
the radiator at C where it is brought into contact with a large cooling surface D, in the shape 
of the cellular radiator. On being cooled and thereby becoming heavier, the water sinks 
again to the bottom of the cooling system, to enter the cylinders once more and to repeat 
its circulation. The cooling action is further increased by a belt driven fan which draws air 
through the radiator spaces. 


In localities where pure water is not easily obtained it is well to strain the water through 
muslin. Soft water is better than hard water, because the latter is apt to deposit a scale on 
the walls of the radiator. The best water to use is rain water. 


When it becomes necessary to clean the radiator, a good way is to dissolve a half pound 
of lye in about five gallons of water. Strain the liquid through a cloth and put in the radia- 
tor. Run the engine for five minutes, then draw off the cleaning mixture. Fill with clean 
water and run the engine again; remove the liquid once more, and finally refill the cleaned 
cooling system. .Avoid the use of more powerful chemicals. 


The radiator cap is furnished with a cork gasket which may be renewed. If the air spaces 
of the radiator become clogged with mud, after driving over dirty roads, do not attempt to 
remove the mud with a screw driver, wire, or other metal instrument. Instead, soften the - 
mud with water. The best way is to wash the radiator by flushing a stream of water from 
a hose through it from the rear. In doing this, take care not to let water get into the mag- 
neto which is apt to be short circuited by moisture getting in the winding. 


Cpen the drain cock under the radiator, about once a week and let all water and accu- 
mulated dirt, etc., run out. An effective way to do this, is to keep on filling the radiator 
while the water continues to run out below; when the water begins to look clear, close drain 
cock and filler cap. 


About once a season, particularly after the car has been driven through the winter, it may 
be necessary to renew the rubber connections of the cooling system. 
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Ques. How is the water kept in circulation? 


Ans, By gravity, or by mechanical means. 


Ques. Describe the gravity method? 


Ans, In accordance with the laws of liquids, water 
expands as its temperature increases, the heated layers, 
therefore become lighter and rise while the cool layers 


YPLER TANK 


LADIAT OR 


Fig. 13.—An example of a radiator and water cooling system with pump 
circulation. The cooling is assisted by a fan geared to the engine which induces 
a cutrent of air through the radiator when the car is standing. 


descend. A circulation or movement of the water is thts 
established. ; 


Ques. What objections are there to the gravity method of ciz~ 
culation? 

Ans, The motive force which keeps the water in motion 
is very slight, hence the flow is slow and easily stopped 
by any foreign matter or obstructions which may become 


lodged in the passages. 
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Ques. What advantage does the gravity system possess? 
Ans. Simplicity. 
Ques. How is circulation induced by mechanical means? 


Ans. By force under impulse as from a pump. 


Ques. What types of pump are in general use for this purpose? 


Ans. The rotary, the gear, the centrifugal, and the 
propeller pump. 


Figs. 14 and 15.—Two types of circulating pump for use in the water 
cooling system of gas engines. 


Ques. Describe a rotary pump. 


Ans. This consists of an eccentric rotating on a shaft, 
and enclosed in a cylindrical casing provided with inlet 
and outlet connections. The casing is of such diameter 
that the eccentric revolves tangentially with the inner 
cylindrical surface. The latter is cut away between the 
inlet and outlet to give room for the vibration of a par- 
tition piece which is hinged at one end, and which bears 
against the circumference of the eccentric at the other 
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PLATE—FORD THERMO SYPHON COOLING SYSTEM. 

The arrows show the course of the water through the waler passages. 

Filling the Radiator—The radiator at all times ought to be kept full—or trouble is sure 
to follow. It is a good plan to make ita habit to fill the radiator always upon taking the 
car from the garage—and whenever a stop is made for oil or gasoline. The importance of keep- 
ing the radiator filled can not be impressed too often upon the new driver. 

Causes of Overheating—The engine may be overheated by: 1, carbonized cylinders; 
2, too much driving on low speed; 3, spark retarded too far, causing late ignition; 4, defect- 
ive ignition system;. 5, not enough or poor grade oil; 6, racing engine; 7, clogged muffler; 
8, improper carburetter adjustment; 9, fan not working properly on account of broken or 
slipping belt; 10, improper circulation of water due to clogged radiator tubes. 

What to do when Radiator Overheats—Keep the radiator full. Don’t get alarmed 
if it boil occasionally, especially in driving through mud and deep sand or up long hills in 
extremely warm weather. Remember that the engine develops the greatest efficiency when 
the water is heated nearly to the boiling point. But if there be persistent overheatng when 
the engine is working under ordinary conditions, find the cause of the trouble and remedy 
it. The chances are that the difficulty lies in improper driving or carbonized cylinders. 
Perhaps twisting the fan blades at a greater angle to produce more suction may bring de- 
sired results. ‘ ‘ 

No trouble can result from the filling of a heated radiator with cold water—providing 
the water system is not entirely empty—in which case the engine should be allowed to cool 


before the cold water is introduced. 

Cleaning the Radiator—The entire circulating system should be thoroughly flushed 
out occasionally. To do this properly, the radiator inlet and outlet hose should be discon- 
nected, and the radiator flushed out by allowing the water to enter the filler neck at ordinary 
pressure, from whence it will flow down through the tubes and out at the drain cock and 
hose. The water jackets can be flushed out in the same manner. Simply allow the water 
to enter into the cylinder head connection and to flow through the water jackets and out 


at the side inlet connection. 
46a 


99P 
*o[quiesseor pur ‘safc | 4J0q Jo srapurAd oyy OFUt BuI4493 WoIy UOgIED Jo syoads ayy 4YUdADId 0} [NJoIeO Buloq ‘10};eUrI paziuoq.seo ay} spesy uoysid 
pue JopuryAo oy} wary odvios ‘19AtIp Motos IO ojIUy A44nd wv YIM ‘pur peoy IepuT[Ao oy} YO aye, ‘sov[d url peoy JepurAo ou2 ploy yoru 
SMaros deo GT oY} SACMMOY *1OALIPeI 9Yy 07 Peyoryje UOIooUUOD IOyeIpeI 9Y4 Os[e pue ouisua ay} jo doz oy} 4 SallM 94} YOaUUOOSIP UaYy 
‘1OPVIPEIL BY} JO W10940q ay} 4e Y09 Yad oy} Buruedo Aq Yo 10yeM 9y} UleIp ‘\sI1J—IequIeYy UONSNquIOD Woy uoqiey eaowsy OF 
‘o[}yeI @ OF Pouoyl] oq 4ysr pu ‘o[43014) a4 Butuedo AjUsppns uodn ATUO-pivoy st YoouH uojstd esoo] sayy, *G¢ = “pnyy IInp e se 
‘try dn Burod st reo oy} usYyM ‘paysindurysip oq ues yoouy duiieeq ureur qyeys yUeIO ayy, “p “4oUurZsIp AJoA 9q [IM Burddey oy} ‘91930143 04 
Bulsojo AjUsppns uoyy ‘Inoy uv sajlur aay-AyUIMy 07 Ivo dy Burpseds uodn 10—opei3 UMOp A[pr UNI 03 pemolye St Ivo oy} UsYM poysinsuly 
-SIp AlIpeor si pure ‘soururey [[ews v YIM [904s jo Burddey yuL4sIp 944 941] spunos yoouy por Burjosuuo0s oy, “g “aUIsUa 9Y} Ul YOouyR [np e Aq 
pezeorpur oq [IM y1eds posuvape OOF *g 913,014} oy} AuloueApe uo Aloyerpouium dei dreys e Aq poyeorput os[e SI 4] ‘peyeey st ourdua ayy 
usyM Alre[nonsred ‘sopesd davys surquirjo ur ajqvaoyou ysour ‘punos mor[oy ‘1v9[2 & sr yoouy uoqiEO e4L ‘I—syx20uy ysingupnsip oy, 
“ANIONG GaOd L TAGOW AO MUIA TVNOILOES—ALVId 


Fg wre WO, 
fomynal4 


Ya 


Nir IMIR AL 
Ra Anis, 


Pos PUioranshaercy 
MS, Huns, 


7 


|! ¥ i APS Urey 
ie Biss) DATA Ls, 


Wy icosiaeen Ruuivag’ us 


IIIWrY HUET) SuiLivrs, 
oheas {Ut Salling 
Buds yur Buverc 
quest Bus > 


SS =~ 
Swe Ges 5 


Neues ov Se) 


ery ese oS AAR A STEN 
a SAE RARE 


COOLING SYSTEMS AQ 


end. In operation, the eccentric working with the par- 
tition piece displaces a quantity of water at each revolution. 


Ques. What is the construction and operation of a gear pump? 


Ans. It consists of two rotary gears which are in mesh. 
These are enclosed in a closely fitting chamber, to prevent 


Po 
poe 


Fig. 16.—The Locomobile cooling system. ‘The cooling water is circu- 
lated by a centrifugal pump which draws the water from the bottom of the 
radiator and forces it upward to the cylinders, whence through vertical stand 
pipes it is carried clear to the bottom of the water jackets, thus insuring a 
thorough cooling of the cylinders. The hot water from the engine then passes 
to the radiator, where it is cooled and delivered back to the pump. A pressure 
gauge is placed on the dashboard; if the clutch be released temporarily, and 
the engine speeded up, the pressure gauge will register several pounds, thus 
jndicating that everything in the circulating system is in a satisfactory con- 
dition. When no pressure is registered it is an indication that the gauge is 
out of order or that the water supply needs to be replenished. 
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the water passing around them. In operation, water is 
drawn in at one side of the chamber and forced out at the 
other side. 


Ques. What happens if the discharge pipe become obstructed 
so as to stop the flow of water? 


Ans. The pressure will increase, but owing to leakage 
between the revolving gears and their casing, it will not 
rise above thirty to forty pounds per square inch. 


Ques. How does a centrifugal pump work? 


Ans. In this pump a number of curved blades fixed 
to a hub are rotated in a closed chamber. The water, 
which enters the chamber at the center, is caught by the 
rapidly revolving blades, and thrown outward by centri- 
fugal force against the casing, whence it passes off through 
the discharge outlet. 


Ques. Describe a propeller pump? 


Ans. In this type of pump the blades are so arranged 
that. they not only throw the water out by centrifugal 
force, but act also as a kind of screw to push the water 
along from the inlet to the outlet of the pump. 


A propeller pump of good design has the casing with the 
water inlet concentric with it. The water outlet is at one side 
of the pump chamber. A cover which fits on the flat face of 
the pump chamber carries a bearing in which is mounted the 
propeller shaft. On this is the propeller blade, which fits the 
inside surface of the pump chamber. The shape of the propeller 
blade is such that water entering at the inlet is forced along both 
forward and outward through the outlet, partly by centrifugal 
force and partly by the thrust of the propeller blades. 

The advantages of a propeller or centrifugal pump are noise- 
less operation, and the fact that if anything becomes jammed 
and the pump stops, the circulation will continue by thermal 
action, thus to some extent preventing overheating from failure 
of the pump 


PLATE—FRONT VIEW OF THE FRANKLIN AIR COOLED ENGINE, SHOW- 
ING TIMING GEARS, STARTER CHAINS, ETC, 


- In construction, the base is of aluminum for lightness, and is split on the main bearings 
so that removing the bottom half of the base, which is the oil reservoir, permits easy access 


to all main bearings and connecting rod ends. 


The valves operate in the head of the cylinder, through a mechanism so constructed that 
the effect of expansion on the valve timing is eliminated to secure quiet operation to the 


valves. 


Both the crank and cam shafts are solid drop forgings, having seven large plain bearings 


The engine gears operating the cam and magneto’shafts, and the silent chain driving the 
electric starter are all housed in the front end of the engine base. These parts continually 


receive oil while the engine is in motion. 


The air jacket deck seen midway between bottom and top of the cylinder compels the air 


to circulate through the cylinder jackets, the air entering each jacket at the same temperature, 


thus securing uniform cooling. 
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Ques. Where are the water connections located on the cylinder? 

Ans. The inlet pipe is placed at the lowest point of 
the water jacket space, and the outlet on the opposite side 
at the highest point. 


Ques. What advantage does this arrangement possess? 

Ans. ‘The cold water entering at the bottom cannot 
gravitate to a lower level; if it should enter at the top 
it would tend to displace the heated lower layers, thus 
eddy currents would be set up, and the cylinder would 
not be uniformly cooled. 


Ques. How is the pimp driven? 
Ans. It is driven by the engine through gear wheels. 


Ques. What provision is made to prevent injury in case the 
pump should freeze? 


Ans. Usually some forni of joint is interposed between 
the pump and engine, which will give way more easily 
than the pump. 


Ques. What fitting should be provided on the pump? 
Ans. A drain cock should be placed at the bottom of 
the pump casing so the water may be drawn off. 


Ques. What is the construction of a “honeycomb”? radiator? 


Ans. ‘This type consists of numerous short lengths of 
small tubing of square cross section, placed side by side 
and held together by solder at the ends, the structure pre- 
senting the appearance of a “honeycomb.” 


Ques. Explain the operation of a honeycomb radiator? 
Ans. ‘The heated water from the engine enters at the 


top and circulates to the bottom, flowing through the small 
spaces between the tubes. A strong current of air induced 
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by a fan, and also by the motion of the car, passes through 
the tubes and absorbs heat from the water. 


Ques. What should be the velocity of water circulation in the 
cooling system? 


Ans. The flow should be such that the temperature 
of the discharge into the radiator is within a few degrees 
of the boiling point. 
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Wig. 17.—-The Cameron air cooled engine. The fan shown at the left 
cools the cylinders by inducing a current of air, which passes over the large 
. surface presented by the numerous ribs. The valves are located above the 
cylinder bore in opposite chambers and work horizontally. Each valve is 
overated by a long vertical lever A, pivoted at R. The upper end E bears 
pon the end of the valve stem, and its lower end carries a roller against which 
bets the camshaft cam, ‘The upper end of the lever or valve rocker arm is 
split and takes a threaded piece at E, which rests upon the end of the valve 
stem. By the adjustment of this the timing of the valve is accomplished. 
The lower end, with its roller is contained within a small extension on a de= 
tachable plate secured to the side of the crank case, the end of the valve tock 


er 
arm working in a slot F in the top of the extension, 


Ques. Why should the temperature be kept below the boiling 
point? 


Ans. To prevent the supply being rapidly exhausted 
by evaporation. : 
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Ques. How much cooling surface 1s required? 


Ans. With gravity circulation, five square feet per horse 
power;in the case of mechanical circulation ‘the amount 
necessary is somewhat less due to the more rapid flow of 


the water. 


Answers Relating to the Air Cooling System 


Ques. Explain the air cooling system. 


Ans. In this method the cylinders are cooled by a 
strong current of air, induced by the movement of the car, 
and aided by a rapidly revolving fan. 


In the Franklin method of air cooling, the absorption of heat 
from the engine is accomplished by inducing a flow of air down 
around the cylinders in such a manner that each cylinder receives 
as much cooling air as its neighbor, and all the air transferred 
comes into intimate contact with all the radiating surface of the 
several cylinders. 

This flow of air is obtained by enclosing the engine in a sheet 
metal chamber, inside of which the air pressure is kept less than 
that of the atmosphere by the fly wheel suction fan, which 
tends to produce a vacuum in the chamber. 

The current. induced by the suction of the fan passes through 
small annular spaces around each cylinder, formed by sheet 
metal jackets surrounding the radiating fins. The air, in its 
coolest condition, enters these jackets from the top, and strikes 
the hottest part of the cylinders first; with this arrangement 
the distribution of the air is equalized. 


Ques. Is air as efficient as water for absorbing heat from the 
cylinders? 


Ans. No. 


Ques. How is this deficiency overcome? 

Ans. ‘The radiating surface of the cylinder is con- 
siderably increased by numerous ribs or rings, also by 
inserted pins or tubes. 
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Figs. 18 to 23.—'Types of radiator construction; fig.18, Harrison tubular; 
fig. 19, Fedders staggered air tube; fig. 20, Fedders square air tube; fig. 21, 
A-Z vertical type; fig. 22, Buscoe vertical type, fig. 23, Livingston zig-zag 
tube. In the construction of radiators, copper, or its alloy, brass, is used 
on account of its great capacity for conducting heat, the weight then can be 


kept low. It also has mechanical advantages such as ease of forming and 
soldering. 


Ques. Why is the water cooling system more efficient than the 


air cooling system? 


Ans. Because a larger and better arranged radiating 


surface can be provided in a radiator than on a cylinder; 
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in either case the excess heat is carried off by the air. The 
water simply serves as a medium to conduct the heat from 
the engine to the radiator. 


Ques. In the air cooling system, where is the fan located? 
Ans. Usually under the bonnet in front of the engine. 


Ques. Would its operation be as efficient, if piaced aft of the 
engine and arranged to induce an air current by suction? 


Ans. No, because air expands as its temperature 
rises, hence, for a given number of revolutions a greater 
volume of air is displaced when the fan is placed in front 


of the engine. 


Ques. How is the fan driven? 


Ans. By belt, chain or bevel gear drive, fastened 
either to the crank shaft or to the cam shaft. 


Ques. What types of belt are used? 


Ans. Leather and steel belts; the latter in the form 
of a closely coiled spiral spring. 


Ques. What objections are there to a belt drive? 


Ans. It is not a positive drive; there is more or less 
slip, especially if nioisture and oil be present. 


Ques. How much faster does the fan revolve than the crank 
shaft? 


Ans. It is usually geared to make about two or two 
and one-half revolutions to one of the crank shaft. 


Ques. How should the fan be made? 
Ans. As light as possible, to reduce vibration anc 


inertia. 
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The Makeup of Petroleum 


Os PRODUCTS 
, SPECIFIC 
ee ek BEAUME | GRAVITY 
140° 159° '00F) asa sre BF GASOLINE 1.5% 
(58°— 248° NAPHTHA C 10% 
f B 2.5 
2° rT] 54 
248° ~ 3471 Beier 
80 
10 
55 te aA KEROSENE 50% 
50 
40 
* % LUBRICATING 
82°4 
aoe OIL 15% 


20 


se RESIDUUM 19% 


ig. 24.—The various products obtained by the distillation of petroleum, 
In the process of distillation these products are separated according to their 
boiling points as indicated. : 
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GASOLINE AND OTHER FUELS 


It is important, not only for economy but for safety, 
that all should know something of the origin, production, 
and nature of the fuel used in the engine. Economy in 
the consumption of fuel in any kind of engine consists in 
using just enough for the purpose. 


When the fuel is introduced into the combustion cham- 
ber with another element, as with air in the case of the 
internal combustion engine, a knowledge of the nature of 
the fuel will aid in determining the proper proportions for 
an economical mixture; it will also point out the manner 
of handling the fuel, so that it may be safely used without 
risk of fire or explosion. 


Answers Relating to Gasoline and other Fuels 


Ques. What is petroleum? 


Ans. The word ‘petroleum’ means rock oil. It is a 
liquid inflammable, bituminous substance exuding from the 
earth or collected on the surface of water in wells. Petro- 
leum is composed essentially of carbon and hydrogen. 


Crude petroleum, rock oil, mineral oil, or natural oil, as it is 
sometimes called. is a dark brown or greenish inflammable liquid 
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which, at certain points, existsin the upper strata of the earth, from 
whence it is pumped or forced by pressure of the gas attending 
it. It consists of a complex mixture of various hydrocarbons, 
and is refined by distillations. The chief products include gasoline, 
naphtha, benzine, kerosene, lubricating oil and paraffin. 


Ques. How and where is petroleum found? 


Ans. It is obtained by boring to the rock-bearing 
strata, and is found in the United States, Canada, at Baku 
on the Caspian Sea, in Burma, Roumania, and other places. 


Ques. What is crude oil? 


Ans. Petroleum in its natural state, as it flows or is 
pumped from the ground. 


Ques. What is gasoline? 


Ans. Gasoline is an arbitrary name first given to cer- 
tain gravities of naphtha used for making illuminating gas 
in isolated plants; it is a colorless, inflammable fluid, one of 
the first distillants of crude petroleum. 


Except for two hydrocarbons, which are gaseous at ordinary 
temperatures, gasoline is the most volatile of the products of 
crude petroleum, and consequently, is the first to come off in the 
process of distillation. 

Few really know the mysteries of gasoline. Most drivers 
look upon the fluid as something which provides the power that 
drives the engine. Even the better informed sometimes fail to 
qualify as experts when it comes to answering the question: 
What is gasoline? 


Ques. How is gasoline obtained from crude oil? 


Ans. The crude oil is placed in a closed vessel and 
heated, the most volatile and lighter parts evaporate first; 
the resulting vapor is passed through a condenser where 
it is cooled and condensed; gasoline is the first distillation 
before kerosene. 
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Ques. What is distillation? 


Ans. Distillation is an operation by which a volatile 
liquid may be separated from a substance which it holds 
in solution or by which liquids of different boiling points 
miay be separated. The operation depends upon the trans- 
formation of liquids into vapor by the action of heat, and 
on the condensation of this vapor by cooling. 


Ques. How are the different oils separated ? 


Ans. Crude oil is distilled in tractions, which are sep 
arated according to their boiling points. The most volatile 
part boils at from 113° to 138° Fahr., this is known as 
petroleum ether; the next product boiling from 140° to 158° 
is termed gasoline; benzine comes over from 160° to 200°, 
and is followed by various naphthas, evaporating at points 


' ranging from 200° to 300°. 


The foregoing are all combined to make American commer- 
cial gasoline, various fractional distillates being taken at inter- 
mediate points for such substances as benzaline, naphtha, etc. 
Kerosene is evaporated over a temperature range from 300° to 
500°, the extent depending upon the quality of oil demanded; 
this is followed by gas oil or solar oil used for gas enrichment. 


Ques. What is left after the distillation of gasoline and kero- 
sene? 


Ans. If the distillation process be continued, the 
heavier oils are vaporized and condensed. ‘This comprises 
nearly half the bulk of the crude oil. Finally come the 
heavier lubricating oils and paraffin wex used for making 


candles. 
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Ques. Describe the practical method of distillation of petroleum. 


Ans. ‘The stills or retorts may be of any shape or size. 
They may be cylinders placed horizontally, and in banks, 
or standing perpendicular and having curved domes. 


Rectification, that is, the separation of the fractional 
distillates, is effected by a copper coil many feet in length, 
inside the retort and passing through the crude petroleum, 
carrying steam at a high pressure, assisted by a gentle 
fire. 


Each retort has an inlet pipe for the crude petroleum 
and an outlet pipe for the distillant. The outlet pipe passes 
over the side and down to a cooling coil or worm im- 
mersed in cold running water. This worm acts as a con- 
denser, that is, it changes back to liquid form the vapors 
driven off the petroleum by the heat. A smaller pipe 
leads from the condenser to the receiver, having glass 
sides, through which the still man can watch the flow of 
the distilled oil. 


From the bottom of the receiver a number of pipes lead 
to different storage tanks, each pipe having a cut-off 
valve to regulate the flow of the varying gravities to their 
proper tanks. 


The first product from the retort is a gas formed by the 
mingling of the fumes of the petroleum with a small volume 
of air left in the reservoir. This is sometimes conveyed 
to the fire box and used as fuel. When the first flow of 
the distillant reaches the receiver, the still man tests it 
with a Beaumé hydrometer for its density. Usually this 
first flow is found to be about 90. It is of a highly volatile 
qgature, so nearly a gas thet when exposed fo air it rises 
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in an invisible vapor and quickly evaporates. It cannot 
be confined for any length of time in barrels, even if they 
have been successively coated inside with wax and repeat- 
edly painted on the outside to make them air tight. Even 
in the coldest weather it will pass through the wood. For 
these reasons this gravity is not put out commercially, 
but is used to bring up the gravity of a mass made of heavier 
fractions; that is to say, if 88 Beaumé gasoline is being 
tanked the still man lets all the 90, 89, 88 and enough of 
the 87 oil flow into the receiver to make an average mixture. 


The oil is repeatedly tested with the hydrometer until the 
right gravity has been produced in the receiver, when it is. let 
off to the proper storage tank. In the same way, if 82 is the 
next grade wanted, all the gravities from 86 down to perhaps 
78 are commingled in the receiver until a uniform fluid of the 
required gravity is obtained to let off into its tank. This pro- 
cess is called fractioning, and is continued through gasoline into 
kerosene, the next distillant, down to about 32 degrees. 

As the market for gasoline, such as is used in automobiles 
and gasoline engines in general, is perhaps as great if not greater 
than all the other products of crude petroleum, it has been nec- 
essary for the oii manufacturers to convert as great a portion 
of it into a suitable grade of gasoline as possible. The ordinary 
grade of gasoline, therefore, tests about 62 or 64 degrees Beaumé 
at a temperature of 60 degrees Fahrenheit. 

It must be remembered that with every fall of 10 degrees 
in the temperature of gasoline, there will be a drop of 1 degree 
on the Beaumé scale. Thus it will be seen that the gasoline now 
in general use and testing around 62 degrees Beaumé is in reality 
a blend of the highest grade of gasoline, the naphthas,C, B and A 
and much of the kerosene. 


Ques. What is petrol? 


Ans. ‘The term “petrol” is generally applied to auto- 
mobile fuel in England and upon the Continent. Petrol, 
originally, was a moderately heavy benzine, the first avail- 
able fuel put on the French market, but the term has been 
extended to cover all light petroleum products, much in 
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the same way as the American usage of the term gasoline 
has widened to include all the light volatile hydrocarbons 
known to refiners the world over as benzine. 


nit 


<A 


Fig. 25—Gascline hydrometers. 
The one at the lett 1s provided with a 
thermometer and correction scale for varia- 
tions in temperature. Gasoliue hydrometers 
read correctly when the liquid is at 60° 
Fahr.; if the temperature be, say 80°, the 
gravity as indicated by the correction scale 
is lessened 4°, each change of temperature 
making a difference in gravity. The two 
illustrations at the right show a compact 
outfit with case, but not provided with a 
thermometer or correction scale. This in- 
strument gives correct readings when the 
temperature of the liquid is 60°. 


>= 
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Answers Relating to Hydrometers 


Ques. In what other way, besides the temperature test can the 
products of crude oil be distinguished? 

Ans. By their weight relative to an equal bulk of 
water, that is, by their specific gravity. 


Ques. How is the specific gravity determined? 


Ans. By a hydrometer. 


Ques. Describe a hydrometer. 


Ans. The ordinary type is a short tube of glass with 
a stem similar to that of a thermometer, and having a small 
receptacle at the bottom in which lead shot are placed to 
cause the instrument to stand vertical and sink into the 
liquid until well covered. The depth to which it sinks 
depends upon the density of the fluid, that is, the lighter 
the fluid the deeper will the instrument sink. The stem 
is provided with an arbitrary scale, the divisions of which 
are called degrees. For testing gasoline, the Beaumé 
scale is used, in which zero corresponds to a solution of 
salt of specific proportions, and ten degrees corresponds 
to the density of distilled water at a specific temperature, 
or to a specific gravity of unity. The rest of the stem is 
divided into divisions of equal size up to ninety degrees. 


Ques. How is the instrument modified to tests of various grades 
of gasoline? 


Ans. ‘To avoid Jong stems, hydrometers are made to 
cover only a small range of degrees. For testing the various 
grades of gasoline, the scale usually extends from 60 to 80° 


degrees. 


~ 
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Ques. How do temperature variations affect the hydrometer? 
Ans. A change of temperature will change the float 
point and introduce an error in the reading. 


Tt is not generally known how great a difference in specific 
gravity is caused by variations in temperature. All gasoline 
hydrometers are assumed to be used at a temperature of 60° Fahr., 
but, if for instance, the temperature be 80°, the gravity is lessened 
4°, each change in temperature making a difference in specific 
gravity. 


Ques. What provision is made in approved hydrometers for 
temperature changes? 

Ans. They contain a thermometer having a correc- 
tion scale as shown in fig. 25, which indicates the number 
of degrees that must be added or subtracted from the 
reading of the hydrometer to obtain the true value. 


Answers Relating to Gasoline 


Ques. What is considered the proper test of gasoline for the 
automobile engine? 


Ans. About 70° to 76°; the latter represents the better 
quality. 

Ques. Can fuel of these grades always be obtained? 

Ans. No;in most cases the automobilist has to take 
what he can get. 

Ques. What is the nature of gasoline? 

Ans. Gasoline is a liquid which has a very low boiling 
point, and which constantly evaporates even at ordinary 
temperatures. The vapor is heavier than air, hence, if 
the liquid vaporize in a closed room the vapor sinks to the 
floor. 

Ques. How can a room be cleared of gasoline vapor? 


Ans. By thorough ventilation; the vapor being heavier 
than air, should be allowed to escape through openings 
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PLATE—THE STEWART VACUUM GASOLINE SYSTEM. 


The vacuum tank is divided into two chambers, upper and lower. The upper chamber is 
connected to the inlet manifold while another pipe connects it with the main gasoline supply 
tank, The lower chamber is connected to the carburetter. 

The intake strokes of the engine create a vacuum in the upper chamber of the tank, and 
this vacuum draws gasoline from the supply tank. As the gasoline flows into this upper 
chamber it raises a float valve. When this Anat valve reaches a certain height it automatically 
shuts off the vacuum valve, and opens an atmospheric valve, which lets the gasoline flow down 
into the lower chamber. 

The float valve in the upper chamber drops with the gasoline flowing out, and when it 
reaches a certain point it in turn reopens the vacuum valve, and the process of refilling the 
upper chamber begins again. The same processes are repeated continuously and absolutely 
automatically. 

The lower chamber is always open to the atmosphere, so that gasoline flows to the carbu- 
etter, as required, uninterruptedly and at an even pressure. 
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near the floor; the movement of the vapor should be assisted 
by induced draft with a fan or by similar means. 


Ques. Where is there great danger of fire in a garage? 


Ans. At or near the floor. 


Ques. What is ‘“‘stale’”’ gasoline? 


Ans. Gasoline whose density has reached a point due 
to exposure to the atmosphere stich that it does not evapor- 
ate freely. 


It follows, therefore, that unless stored in an air tight vessei, 
the lighter constituents ‘of the liquid will escape, leaving a resi- 
due that will show a registry on the Beaumé scale too low for 
successful use in acarburetter. This process will occur ina carbur- 
etter, if the gasoline be allowed to stand in it for any length of 
time. It is always best, therefore, after standing for a protracted 
period, to drain the carburetter if any difficulty be experienced 
in starting. Of course, if the tank be found to contain only low 
degree liquid, the only alternative is to empty it and refill with 
a new supply of the proper gravity. 


Ques. What use can be made of stale gasoline? 
Ans. It may be used for removing grease and dirt 
from the engine or other metal parts of the car. It has, 
however, a disagreeable odor. 


Ques. How should gasoline be handled? 


Ans. It is important to keep it away from the air, 
and also from a flame. Ignition of the liquid results in a 
fire;ignition of the vapor mixed with air results in an 


explosion. 


Ques. How should a gasoline fire be extinguished? 

Ans. Sand or some dry chemical extinguisher should 
be used. A moistened blanket or lap robe is also effectual; 
a stream of water should not be used. 
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Ques. How should gasoline be stored? 


Ans. In an underground tank. The tank may be 
buried at any convenient spot near the garage and piped 
to the building, and a pump installed. The more expensive 
outfits are equipped with pump and automatic measuring 
devices. In some cases a flow of gasoline is obtained by 
gravity or by air pressure. 


Answers Relating to Kerosene 


Ques. How is kerosene used as a fuel? 


Ans. The method of fuel supply usually employed 
consists in spraying the oil, by means of an atomizer, into 
a hot chamber in which the spray is readily vaporized 
and mixed with heated air to form the charge for the engine. 
Some engines are provided with a reservoir located at a 
given height above the cylinders, from which the oil is 
fed in liquid form into the air admission chamber at the 
valve opening into the cylinder. 


Ques. What difficulty is encountered in the use of kerosene? 


Ans. The process of vaporization requires the raising 
of the temperature of the oil vapor and the air with which 
it is mixed to a temperature ranging from 250° to 300° Fahr., 
at atmospheric pressure. As a result, the specific gravity 
of the charge is greatly reduced, so that a given volume 
contains a lesser number of thermal units than when it is 
introduced at atmospheric temperature; furthermore, the 
consequent higher initial temperature results in a higher 
compression temperature for a given pressure than that 
attained with gasoline. The total result is a higher tem- 
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perature throughout the cycle and a greater loss of heat 
through the cylinder walls than is the case when the charge 
is admitted to the cylinder at atmospheric pressure. 


Ques. What is the advantage of kerosene as a fuel? 


Ans. Its cheapness. 


ues. What are the disadvantages? 
g 


Ans. ‘The difficulties attending its use;its lower heat- 
ing value, and the fact that it is not so “clean” a fuel as 
gasoline. 


Ques. What other fuel has been used for gas engines? 
Ans. Alcohol. 


Answers Relating to Alcohol 


Ques. What is alcohol? 


Ans. There are some twenty-four compound sub- 
stances known to the chemist as alcohol, of which the two 
most important are ethyl, or ordinary alcohol, and methyl 
or wood alcohol. 


Ques. How is alcohol obtained? 


Ans. It is obtained from any substance naturally 
containg sugar, as grapes, fruits, beet roots, molasses, 
etc., by fermentation; other substances require first to be 
transformed into sugar before fermentation can take place. 


Methy! alcohol is obtained from the dry distillation of wood 
in closed retorts, giving a watery product known as pyroligneous 
acid. This is repeatedly distilled, in conjunction with vari- 
‘ous re-agents for the purpose of removing impurities and the 
contained water, the crude resultant alcohol being known as 


wood spirit. 
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Ques. What is denatured alcohol? 


Ans. Alcohol that has been rendered unfit for use as 
a beverage by the addition of a portion of wood. spirit, 
which is a poison, and also, to prevent the chemist redis- 
tilling the ethyl alcohol, a proportion of one-half of one 
per cent of benzine or other hydrocarbon is added. 


Ques. Why is alcohol denatured when used as a fuel? 


_ Ans. In order to obtain it at a lower price by avoid- 
ing the heavy tax imposed on alcohol for use as a beverage. 


In 1906, the Congress of the United States removed the tax 
on denatured alcohol, in order to grant American manufacturers 
equal opportunities with those enjoyed by their competitors in 
other countries. 


; Hone What are the necessary conditions for using alcohol as a 
uel: 

Ans. For complete vaporization heat is necessary; 
on this account the carburetter is frequently heated by the 
exhaust or by water jacketing: A higher compression 
than is commonly used with gasoline is necessary, in order 
to obtain as high a power efficiency as possible. Reliable 
sparking devices are also essential, in order to produce 
complete combustion. 


Ques. How do alcohol and gasoline carburetters compare in 
operation? 

Ans. A carburetter designed for alcohol may be ased 
with gasoline, but the reverse conditions are not true. 
The time required for the evaporation and combustion 
of alcohol is greater than that required for gasoline, but 
a higher mean effective pressure is realized. Moreover, 
when alcohol is used as a fuel the noise of operation is 
reduced. 


PLATE—COLE FUEL SYS- 
TEM. 


The tank is divided in the 
center and has three connec- 
tions, one gasoline and two air 
lines. 


One air line connects with 
the air pressure gauge, and 
the other with the pump. 


The gaugedial is black with 
red and white figures. Up to 
three pounds the figures are 
white; between three and four 
pounds there is a red word, 
“‘stop,’’ and from three to six 
lbs., the figures are red, indi- 
cating to the driver the pres- 
sure limit. 


If the pump persist in rais- 
ing the pressure above 3 lbs., 
it denotes that the safety 
valve is not working prop- 
erly. 


In emergency, the pressure can be released by turning the hand pump to the point marked 
“Release”; when sufficiently reduced, it can be turned back to “Closed” to retain what 


pressure remains in tank. 


The cylinder X of the power air pump is bolted to the engine crank case near the ‘half 
time shaft and toward the rear of engine on the left side. 
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Ques. What is the fuel consumption with alcohol? 


Ans. It has been given as slightly over one pint per 
herse power per hour according to purity. 


An interesting test of power efficiency has been made with 
a motor vehicle used for dragging a plow. With two gallons 
of gasoline three roods were plowed; with two gallons of kerosene 
three roods, thirty-five poles; with two gallons of alcohol, two 
roods, twenty-five poles. 


The following conclusions regarding the use of alcohol 
as fuel for engines as compared with gasoline are based 
on the results of careful experiments: 


1. Any engine operating with gasoline or kerosene can, 
with proper manipulation, operate with alcohol fuel without any 
structural change whatever. 

2. It requires no more skill to operate an alcohol engine 
than one intended for gasoline or kerosene. 

3. There seems to be no tendency for the interior of an 
alcohol engine to become sooty, as is the case with gasoline and 
kerosene. 

4. Alcohol contains approximately 0.6 of the heating 
value of gasoline, by weight;a small engine requires 1.8 times 
as much alcohol as gasoline per horse power hour. This corres- 
ponds very closely with the relative heating value of the fuels 
indicating practically the same thermal efficiency of the two 
when vaporization is complete. 

5. In some cases, carburetters designed for gasoline do 
not vaporize all the alcohol supplied, and in such cases the excess 
consumed is greater than that indicated above. 

6. The absolute excess of alcohol consumed ove1 gasoline 
or kerosene will be reduced by such changes as will increase the 
thermal efficiency of the engine. 

7. The thermal efficiency of these engines can be improved 
when they are to be operated by alcohol, first by altering the 
construction of the carburetter to accomplish complete vapor- 
ization, and second, by materially increasing the compression. 

8. An engine designed for gasoline or kerosene can, with- 
out any material alterations to adapt it to alcohol, give slightly 
more power (about 10 per cent.) than when operated with gaso- 
line or kerosene, but this increase is at the expense of greater con- 
sumption of fuel. By alterations designed to adapt the engine 
to the new fuel this excess of power may be increased to about 


20 per cent. 
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9. The different designs of gasoline or kerosene engines 
are not equally well adapted to the burning of alcohol, though 
all may burn it with a fair degree of success. 

Io. Storage of alcohol and its use in engines is much less 
dangerous than that of gasoline, as well as being decidedly more 
pleasant. 

11.- The exhaust from an alcohol engine is less likely to be 
offensive than the exhaust from a gasoline or kerosene engine, 
although there will be some odor, due to lubricating oil and imper- 
fect’ combustion if the engine be not skillfully operated. 

12. With proper manipulation, there seems to be no undue 
corrosion of the interior due to the use of alcohol. 
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Alcoho/ Gaso/ene 


Fig. 26.—A. double float feed carburetter for alcohol and gasoline. A, 
float in gasoline chamber; B, rotary valve controlling outlet of alcohol or 
gasoline mixture to engine space, through nozzles C or E; D, float in alcohol 
chamber; I’, butterfly valve for controlling volume of fuel charge. 


13. The fact that the exhaust from’ the alcohol engine is 
not as hot as when gasoline or kerosene is used, seems to indicate 
less possibility of burning the lubricating oil. This is borne out 
by the fact that the exhaust shows less smoke. 

14. In localities where there is a supply of cheap raw mate- 
rial for the manufacture of denatured alcohol, and which are at 
the same time remote from the source of supply of gasoline, alcohol 
may immediately compete with gasoline as a fuel for engines. 

15. There is no reason to Suppose that the cost of repairs 


and lubrication will be any greater for an alcohol engine than for 
one built for gasoline or kerosene. 
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CARBURETTERS 


The term carburetter is applied to any device wherein 
gasoline vapor and air are mixed in proper proportions to 
form the fuel charge for an internal combustion engine.* 


There is a distinction between the words carburetter and 
vaporizer. 

The word “carburetter’” is applied when, in addition 
to a mixing chamber, the device contains a receiving chamber 
for the gasoline and means of maintaining therein a constant 
level of the fuel. 

The word ‘‘vaporizer”’ is applied when the device has no 
receiving chamber; as a “generator valve.” 


Answers Relating to Carburetters 


Ques. What are the duties of a carburetter? 

Ans. It should so control the supply of air and gaso- 
line that the’ resulting mixture will always contain the 
two ingredients in the proper proportions. There must 
not be too much gasoline vapor, as fuel would be wasted 
either by being decomposed into soot or unburned on account 
of insufficient supply of air to consume it. Again, too 


*NotE.—The fuel charge for a gas engine consists of about ten to sixteen parts 
air to one of gasoline vapor. ‘The proportion varies according to the conditions 
of the atmosphere, quality of gasoline and engine speed. \ 
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much air, though the mixture should ignite, would lowe 
the temperature of combustion and thus diminish the expan- 
sion. 


Ques. Name two important types of carburetters. 
Ans, The “sprayer,” and the “surface,” carburetter. 


Ques. How do these differ in operation? 

Ans. In the sprayer carburetter, the fuel is atoraized 
through a minute nozzle and mixed with a passing column 
or current of air. The action of a surface carburetter con- 
sists in passing air over the surface of a small “puddle” 
of the fuel. 


Ques. Which is the prevailing type? 
Ans. ‘The sprayer. 


In explaining the principles of carburetter operation, owing 
to certain characteristic differences in behavior it will be best 
to treat the sprayer and the surface types separately. 


Ques. Describe a rudimentary sprayer carburette:, such as will 
serve to illustrate carburetter principles. 


Ans. For this purpose, the essential features neces- 
sary to produce a proper fuel mixture are shown in fig. 27. 
The drawing illustrates a receiving chamber A anda mixing 
chamber B, the two being connected by a small passage- 
way or duct which terminates at the sprayer C, made 
adjustable by the needle valve D. ‘he lower end of the 
mixing chamber B is open to the atmosphere, while the 
upper end is provided with auxiliary air ports F, having a 
collar or sleeve G with which to adjust the opening of the 
ports to the atmosphere. 


Ques, in explaining the action of this rudimentary carburetter, 
what is assumed with respect to the receiving chamber A? 


Ans. It is assumed that the receiving chamber A is 
filled with gasoline to a level MN, very near the elevation 
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TO ENGINE 


Vig. 27.—A rudimentary, or simple form of spray carburetter illustrating 
the principles of operation employed in the modern device. A, is the receiving 
chamber; B, the mixing chamber. A connecting passage conveys fuel to the 
spray nozzle C, controlled by the needle valve D, by turning the thumb wheel 
E. Air enters through the primary passage in the base and through the auxil- 
iary ports F, the latter being adjustable by the sleeve G, and the mixture to 
the engine, controlled by a throttle located above the sleeve. 
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of the spray nozzle, and that the supply is replenished as 
it is used so that the fluid level MN is kept constant. 


Ques. Where is the carburetter connected to the engine? 


Ans. At the upper end of the mixing chamber, beyond 
the throttle, as shown in fig. 27. 

Ques. Describe the effect of the suction strokes of the engine? 

Ans. Each suction stroke displaces a volume of air, 
causing a partial vacuum in the mixing chamber B; the 
intensity of the vacuum, as will be seen, depends on the 
speed. 

Ques. Describe the fuel adjustment. 

Ans. Assuming the engine to be woking at slow speed 
with a heavy load, and the auxiliary ports F closed by the 
sleeve G, the gasoline supply may be adjusted by the needle 
valve E so that the engine will receive from the carburetter 


a mixture containing the proper proportion of gasoline 
vapor and air. 


Ques. What name is given to the air supply entering at the bottom 
of the carburetter? 


Ans. The primary air. 


Ques. What name is given to the air supply entering through 
the auxiliary ports? 


Ans. The secondary air. 


_. Ques. If part of the load on the engine be removed so that it 
will run, say, twice as fast, will the same amount of air and gasoline 
be delivered for each charge? 


Ans. Under these conditions, the mixture will become 
too rich, that is, too much gasoline will be fed for the amount 
of air passing through the inlet at the lower end of the mix- 
ing chamber. 

Ques. Why is this? 

Ans. The excess of gasoline is due to the fact that, 
in order to get twice the amount of air through the inlet, 
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PLATE—THE KRICE CARBURETTER. 


The parts are as follows : 


A is the body cover; B, body; C, outlet to engine; D, automatic gasoline priming tube 
for starting and.slow speed on closed throttle; E, annular opening for gasoline feed; F, gaso- 
line level; G, gasoline bowl; H, gasoline overflow; I, gasoline bowl clamp nut; J, sediment 

lug to drain gasoline passages; K, gasoline needle valve. adjustment; L, throttle lever; 
M. air inlet, if desired for hot air intake pipe; N, primer lift; O, inlet valve cap; P, inlet 
valve lock nut; QO, inlet valve sleeve; R, inlet valve; S, union nut; T, gasoline connection; U, 
gasoline needle valve seat; V, drain cock for water and sediment, 


To raise gasoline level in bowl remove inlet valve cap, loosen inlet valve lock nut and 
screw inlet valve sleeve towards the lower end of the inlet valve stem, until level of gasoline 
is brought to proper point then tighten down inlet valve lock nut and replace inlet valve 
cap. 
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the suction has to be more than doubled to compensate 
for the increased frictional resistance set up by the higher 
velocity of the air passing through the inlet. The suction, 
or degree of vacuum in the carburetter, being more than 
doubled, will induce a flow of more than twice the amount 
of gasoline. 


Ques. What causes the velocity of the air to increase in passing 
through the inlet? 

Ans. ‘This is due to the expansion of the air, in enter- 
ing the carburetter; resulting in an increase of velocity 
more than two-fold. after expansion. 


Ques. How may the suction be restored to its normal condition 
so that the mixture will not become too rich? 

Ans. By slightly raising the sleeve G so as to partially 
open the auxiliary air ports F. This allows some air to 
enter through the auxiliary air ports, thus reducing the 
velocity of the entering air and relieving somewhat the 
suction at the lower inlet. The amount of opening of the 
auxiliary air ports F, necessary for any conor of engine 
speed is found by experiment. 


Ques. How may the engine speed be maintained constant under 
varying load? 

Ans. If a throttle valve be placed in the passage B 
between the auxiliary ports and the engine, the load may 
be altered without any variation in the engine speed, by 
adjusting the throttle opening. 


Ques. How does the modern carburetter differ from the rudi- 
mentary or primitive device shown in fig. 27? 

Ans. In actual construction, automatic devices are 
employed to maintain the gasoline in the receiving chamber 
at constant level and to adjust the auxiliary port open 
ings to different engine speeds. 
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Ques. What name is given to the receiving chamber? 


Ans. ‘The term float chamber is used instead of receiv- 
ing chamber, since a float is almost always used to regulate 
the flow of gasoline into the chamber. 


Ques. What is the first requirement of a modern carburetter? 


Ans. An automatic device, such as a float, to main- 
tain the gasoline supply in the float chamber at practically 
the same elevation as that of the spray nozzle. 


Ques. Why is this necessary? 


Ans. An initial suction is required to lift the gasoline 
to the mouth of the nozzle before spraying can begin. ‘The 
slightest suction only is required to draw air through the 
primary air inlet, there is, however, a certain minimum 
suction below which no gasoline can be fed, depending 
on the difference in the level of the supply and the level 
of the spray nozzle. It is therefore important to eliminate 
this difference in level. 


Ques. Describe the float feed method of maintaining the fuel 
supply at a constant level. 

Ans. A “float feed’’ device consists of a cork or hol- 
low metal float placed in the float chamber. It is con- 
nected so as to operate the gasoline inlet valve, usually 
by means of levers. These are arranged in such a manner 
that, as gasoline enters the float chamber through the inlet 
valve, the float rises, and in so doing, closes the valve, 
thus shutting off the supply when the gasoline reaches the 
desired level. 


Ques. What other method is sometimes used? 


Ans. Ina few instances, some form of overflow arrange- 
ment is provided whereby gasoline is maintained at the 
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necessary level by a surplus volume being pumped or other- 
wise forced into a chamber whence the overflow returns 
to the main supply, the height and capacity for the return 
of the overflow maintaining the necessary level with ref- 
erence to the spray nozzle. 


‘ 


Ques. Describe the disc feed. 


Ans. In this method of controlling the supply of fuel, 
the air is drawn through a passageway containing a minute 


SHES. 


Fig. 28.—Simple form of float feed, with float concentric to inlet valve, 
There is a strainer at the inlet, accessible for cleaning by removing the plug. 


fuel opening. This opening is closed by a needle valve 
which has a disc of very thin sheet metal attached to the 
stem. When no air is passing through the carburetter, 
the needle valve closes the gasoline nozzle. As soon as 
air is drawn through, the current striking against the disc, 
lifts it from its seat. Gravity and suction then both bring 
gasoline out of the nozzle to mix with the air. The lift 
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of the valve and its disc are controlled by an adjustable 
screw which regulates the extent of the movement. 


Ques. Explain the diaphragm feed. 


Ans. This mode of regulating the gasoline supply 
depends on the action of reduced air pressure on a dia- 
phragm supported at its circumference, and free to move 
at the center. The needle valve for controlling the sup- 
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Fig. 29—Type of float feed in which the fuel supply is made adjustable 
by the use of a variable counterweight P. 


ply of gasoline is held on its seat when no air is passing. 
As soon as air is drawn through the carburetter the pres- 
sure is reduced on one side of the diaphragm; this causes 
its center to move. The needle valve being attached to 
the center of the diaphragm, is lifted from its seat, which 
allows gasoline to flow by gravity or suction, or both. 
Sometimes a piston is used instead of a diaphragm. 
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PLATE—THE STEWART CARBURETTER AS USED ON THE LOZIER CAR. 


i i : i The only change of 
arious parts and constructions are clearly shown in the figure. g f 
We ctcat esse in this carburetter is that of the relative height of the metering pin to 
the opening of the aspirating tube, with the dash lever at running position. 


¢ 1.—In cold weather, with the heavy gasoline now commonly used, as well as occa- 
ee ne ines, some difficully may be expertenced in starting the engine. To overcome 
this difficully a very rich mixture is required Wiel: eases Pie : ie 
i is without disturbing the regular carburetter adjustment, a control is pro- 
eee reine lever on the instrument board. Turning this lever so that the indi- 
tor is toward “‘starting’’ operates the pinion shaft on the carburetter, by means o Mos 
a tions, and lowers the metering pin. This permits more gasoline to be drawn through the 
Beni on tube than normal, though the quantity of air drawn into the mixing chamber 
Bai tne same, hence the air is subjected to the carburetting influence of a higher pro- 
ion. of asoline than is necessary under ordinary driving conditions. The resulting mix- 
ae feed to as ‘‘rich.”” A mixture of this character ignites much more readily than 
ate os a greater proportion of air, but the resulting explosion does not produce any more 
Ree aise uently it is not an efficient mixture from the, economical standpoint. More- 
Beer. Nace faixtate generates a great deal more heat in ignition than a lean mixture. It is 
Be tions ‘best to return the dash lever to the ee tee De = te ae 
has started to run. As lean a mixture as possible should be used for dri patel a : 
becoming too lean. The best mixture may be determine y 
pou. pe ee ne the meri to run idle; turn adjusting screw to the left and 
Bee cies speed of motor increases. If Be Sots: keep rie oe the oan ae 
si se: if i in speed at first turn to the left, turn to t as ‘ 
eee. eee ee Sa at which the speed starts to decrease, is the point 


of adjustment at which proper mixture is obtained. 
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PLATE—SECTIONAL VIEW OF STEWART CARBURETTER, MODEL 12, WITH 


CAM TYPE DASH ADJUSTMENT. 


The various parts of the carburetter as shown in the illustration are as follows: 


WOZES AU nOmmvOM> 


Metering valve 
Carburetter body 
Float chamber 
Dash pot 
Combining tube 
Cork float 

Gasoline inlet valve 
Drilled holes 

Air passage 

Water jacket 

Air valve guide 
Aspirating tube 
Float swivel 
Metering pin carrier 
Mixing chamber 
Taper pin 


Gasoline valve cap 
Priming auxiliary jet 
Gasoline passage 
Throttle body 

Priming by pass valve 
Throttle valve 

Starting well 

Passage to starting well 
Adjusting shaft to dash 
Adjusting cam 

Stop arm 

Cam housing 

Cam housing cap 
Drain plug 

Cam housing union nut 
Packing nut 
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Ques. What is the usual level of the gasoline in the nozzle with 
respect to the nozzle top? 

Ans. It varies in different makes of carburetters from 
about one-eighth to one-quarter inch below the top of the 
‘spray nozzle; to be accurate, the level should be such that 
the liquid will form a bubble at the nozzle to be blown off 
at will, and the exact height should be found by this method 
when the construction will permit. 


Ques. When does this difference in level sometimes cause trouble? 


Ans. In starting the engine. On account of the slow 
speed when cranking, the suction is very weak, some- 
times it is not sufficient to raise the fuel to the top of the 
nozzle, or tu give a proper mixture. In such cases, it is 
necessary to throttle the primary air supply to increase 
the suction. 


Answers Relating to Float Feed 


Ques. Describe a simple float feed? 


Ans. A simple construction is shown in fig. 28. The float 
is constructed concentric with the inlet valve A, that is, 
it is placed around the same cei ter. In the bottom of the 
float chamber is a small tube through which the gasoline 
must flow to the spray nozzle. The object of this tube 
is to prevent small particles of dirt and bubbles of water 
that may be in the gasoline entering the spray nozzle. - 
The plug B at the bottom of the float chamber, has a wire 
screen to catch any foreign matter that may be in the 
gasoline, in order that it may not lodge in the spray nozzle 
and impede the flow of the liquid. 
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Ques. What is an important point in float feed construction? 


Ans. There should be means of adjusting the height 
of the float to suit different grades of gasoline, as the ievei 
of the float depends upon the specific gravity of the liquid. 


* 


<< 
SS) 


Fig. 30.—A form of float feed in which provision is made foy adjusting 
the fuel level by means of a spring nut R. At B, is a wire gauze strainer to 
prevent foreign matter obstructing the nozzle. A plug is provided at the 
lower end, giving access to the strainer for cleaning, 


Ques. What method is sometimes used for adjusting the float 
level or “float point,” as it is called? 


Ans. Counterweights are employed as shown in fig. 29; 
this construction is desirable owing to the facility with 


which the fuel level can be adjusted. To this end the 
counterweight P is either increased or diminished. 
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Ques. Is there any objection to this method? 


Ans. Some authorities consider it bad practice to 
balance floats by weights in®addition to the column of 
liquid in the float chamber, for, owing to their different 
densities, the liquid and the weights may interfere in their 
duties and destroy the perfect balance sought. 


Fig. 31.—Type of carburetter having the float arranged concentric with 
the spray nozzle. This construction eliminates the disturbance of the fuel 


level with respect to the nozzle which otherwise would be caused by any in- 
clination of the car. 


Ques. How should the float chamber be placed with respect to 
the nozzle? 


Ans. In order to obtain uniform results, especially 
where a car is operated on hilly roads, the float chamber 
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with its float should be constructed concentric with the 
spray nozzle as shown in fig. 31, so that any inclination of 
the car, in ascending or descending a hill, will not disturb 
the gasoline level with reference to the nozzle. 


Ques. Explain the action of an “offset”? float chamber? 


Ans. In fig. 27, the iine MN represents the normal 
height of the gasoline when the carburetter is level. Now, 
if the carburetter be inclined so that the line M’ N’ or M” N”’ 
becomes horizontal, these lines will then represent respect- 
ively the level of the gasoline, with reference to the spray 
nozzle, for the two inclined positions of the carburetter. 
Hence, it is evident that the gasoline level would be either 
‘too high or too low with respect to the nozzle, while re- 
maining undisturbed at.the float center. 


Ques. Of what materials are floats made? 


Ans. Usually cork or sheet metal. 


Ques, What difficulty is sometimes experienced with cork floats? 


Ans. They are liable to become saturated with gaso- 
line, thus losing their buoyancy. 


Ques. What objection is there to metal floats? 
Ans. They sometimes leak. 


Ques. How should they be constructed to avoid leaks? 


Ans. The float should be without working joints, 
and particularly without frictional contacts with levers. 


Ques. How should the float chamber be constructed? 

Ans. It is advisable that the float chamber open at 
the bottom. ‘This facilitates removal of any water, ice, 
or dirt, and removal of the float itself, without opening 
the top and permitting dirt to fall in from above. The 
float and removable bottom can be replaced with a stream 
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TUBE 
SCREEN 


MPER 


AIR DA 


DETACHABLE 


DISTRIBUTER 


THROTTLE AND FUEL 
DISTRIBUTER 


PLATE — THE MASTER CARBUR- 
ETTER AND PARTS, 


A special feature of this carburetter is the 
distributer or multi-nozzle inlet for the fuel; 


% this extends across the mixing chamber as 
TOP VIEW OF ROTARY shown, the object being to distribute the fuel 
THROTTLE in as minutely divided form as possible. 


The bottom view of rotary throttle plainly 
shows the curve which uncovers the holes in 
the distributer. 


When the throttle is closed, fuelis admitted 
through but one hole, sufficient for slow speed 
or idling. 


As the throttle is opened, additional holes 
are uncovered, one by one, and the fuel supply 


BOTTOM VIEW OF ROTARY increased, 
THROTTLE 80D 
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of gasoline flowing upon them, which will wash away par- 
ticles of dirt, if any accidentally get on the parts while 
being replaced. 

Ques. What diffculty #s sometimes experienced with a top 
opening? ; 

Ans. In this arrangement, ice in the bottom of the 
chamber may not only support the float and prevent it 
acting to admit gasoline, but may also bind the float so firmly 
that it cannot be removed to permit removal of ice, which 
may prove an unpleasant predicament if away from means 
of warming the carburetter. 


Ques. How should the fuel flow through the float chamber? 


Ans. It should enter from a single direction, either up 
or down, so that no pockets exist in which water or dirt 


may gather. 
Ques. How may the inlet valve be kept tight? 


Ans. ‘The inlet needle valve may be kept tight and in 
perfect working order by occasional grinding. To facili- 
tate this, the construction of the carburetter should be such 
that the valve is easily accessible. 

Ques. What feature tends to keep the inlet valve in good con- 
dition, 

Ans. The motion of the car tends to move the 
valve to some degree, even though slight, which move- 
ment serves to force away any particles of dirt that may 
lodge on the point during the passage of the liquid. On 
this account, it is best if the float and valve be fixed one to 
the other, so that the point partakes of the motion of the 
float and liquid in the chamber. 

Ques. What feature is necessary for the proper operation of the 
float feed? 

Ans. The float chamber must be provided with an air 
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vent to prevent the accumulation of any excess pressure 
which would interfere with the proper flow of the gasoline. 


Ques. What is a float pin or “tickler?”’ 


Ans. A device for depressing the float to obtain an excess 
of gasoline when such is required for starting the engine. 


Ques. How may a rich mixture be obtained in starting without 
tickling the carburetter? 


Ans. By throttling the primary air supply. 


Some motorists regard it as a necessary preliminary in start- 
ing, to “tickle the carburetter,” but carburetters differ; with 
some it is necessary that the level in the float feed chamber be high, 
in others not so high. Some carburetters flood easily, while 
others never flood. 

It is as difficult to start on an over rich mixture as it is with 
a lean one. Any small tickling of the carburetter serves to start 
the nozzle and create a small amount of mixture. But this process 
soon floods the carburetter, and as the quantity of air supplied is 
small and cannot be increased to any great extent before the 
motor starts, flooding is apt to fill the inlet manifold with almost 
pure gasoline vapor and the motor will not start. 

Many motors will start without touching the carburetter, 
and in the case of others the process of starting is rendered far 
easier by the moderate application of attention of this sort. 


Ques. How should a carburetter be primed? 


Ans. In priming a carburetter the float pin should 
be depressed and held down fora few seconds. ‘This will 
cause as much, if not more, gasoline to enter in a given 
space of time than if the pin be worked like a pump. ‘The 
latter operation as frequently performed is liable to injure 
the float. 


Ques. Where is the float pin located? 
Ans. It is usually arranged to pass down to the float 
through the air vent tube. 


; Cises: Why should the passage to the nozzle be both short and 
arge! 


Ans. Since gasoline has considerable weight, and con- — 
sequent inertia, if the passage be short, the liquid will 
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respond more readily to the suction; if large, the friction 
will be less on account of the reduced velocity of flow. 


With a long passage, the effect of inertia is more marked, 
causing the liquid to respond less quickly to the suction, the 
strength of which changes during each intake stroke. On account 
also of this inertia effect, the liquid does not get started until 
a considerable volume of air has passed the nozzle, making the 
early part of the charge too lean. Now, as the suction decreases, 
the inertia of the liquid causes it to continue to flow, making the 
latter portion of the charge too rich, and probably leaving between 
charges unsprayed drops of liquid, which either fall on the walls 
of the carburetter or are drawn into the engine. 


Answers Relating to the Spray Nozzle 


Ques. Name two types of spray nozzle? 


Ans. The simple nozzle, fig. 32, and the multi-slot 
nozzle, fig. 33 or 34. 


Ques. How do these compare? 


_ Ans. The spraying effect in the simple form is less 
marked than that obtained with nozzles having. a number 
of slots. However, with the single nozzle, there is less 
danger of it becoming clogged. The operation of a multi-slot 
nozzle is undoubtedly better than one with a single opening, 
but it-is necessary for the construction to be such 
that it may be readily withdrawn to clean the small spray 


slots. 
Ques. How is the supply of fuel through the nozzle regulated ? 


Ans. The amount of liquid passing through the nozzle 
may be varied by an adjustable needle or metal rod hay- 


ing a conical point. 
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Ques. How may the spraying qualities of a simple nozzle be 
improved? 

Ans. By fitting it with a conical pointed needle valve 
working from above. 


Ques. What connections should be made with the fuel valve? 


Ans. The needle valve, which regulates the supply of 
fuel at the nozzle, should have suitable connections so that 
it may be adjusted by the operator, and enable him, while 
operating the car, to vary the proportion of the mixture, 


3G 2s) kere ae, 
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Figs. 32 to 34.—Some different forms of spray nozzles: fig. 32, a simple 
form with single opening; fig..33, a nozzle consisting of a series of slots; fig. 34 
multi-slot nozzle easily removable without the use of tools. 


, 


and thus secure the greatest power by trial, as well as to 
accommodate the device to the temperature and humidity 
of different days, and also to the gravity of different grades 
of fuel. 


Ques. What is the object of multiple nozzles? 


Ans. Some carburetters are fitted with two or more 
simple nozzles, the idea being that the several nozzles 
forming the unit, by coming into action progressively as 
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the power demand increases, will produce the same effect / 
as though several separate carburetters were used, each in 
turn being brought into action. 


Answers Relating to the Mixing Chamber 


Ques. Describe the mixing chamber? 


Ans. This consists of a small enclosure or passage- 
way containing the spray nozzle. The mixing chamber, 
as its name implies, is the place where gasoline and air are 
brought together in proper proportions and commingled 
to form the fuel charge for the engine. It is provided with 
a main air inlet and auxiliary ports as before described, 
but the latter are arranged to operate automatically. The 
outlet to the engine is fitted with a throttle valve, permit- 
ting the quantity of the mixture to be varied. 


Ques. How is the mixing chamber constructed ? 


Ans. The construction of the mixing chamber with 
its appendages follows substantially the arrangement 
shown in fig. 35. This illustrates a mixing chamber with 
the spray nozzle A located in the center. The adjustable 
needle valve E regulates the flow of gasoline to the nozzle. 
The mixing chamber is open to the atmosphere at its lower 
end D, through which the primary or main air supply enters. 
A secondary or auxiliary air supply is admitted through 
the opening to the right, being controlled by the valve B 
which is automatic in its action. The lift of this valve 
may be varied to meet different requirements, by the ad- 

justable threaded spindle. 
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Ques. What are the pressure conditions in the mixing chamber? 


Ans. In operation, the pressure in the mixing chamber 
is lower than that of the atmosphere; the degree of vacuum 
depends on the amount of throttle opening, the engine 
speed, and the amount of opening for the primary and 
secondary air supply. 


Fig. 35.—The mixing chamber with its appendages. Illustrating, in 
general, the arrangement of parts, the primary, and secondary or auxiliary 
air passages; auxiliary valve, spring and adjustment; the spray nozzle with 
needle valve and the throttle valve. The arrows indicate the direction of 
the entering air currents and course of mixture. 


Ques. What is the behavior of the fuel as it passes the nozzle? 


Ans. Gasoline, as it is sucked out of the nozzle, made 
up as it is of hydrocarbons of different values from the point 
of view of weight and volatility, will hold to the globular 
form with more or less tenacity, depending upon condi- 
tions. 
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{t should be noted that doubling the diameter of these globules 
increases their surface four times, but their bulk will be increased 
eight times. 

Evaporation is proportional to the surface, but if double 
the quantity reside under a given surface, double the time must 
be taken to gasify the liquid, subject to a correction in that 
the spheroids are reducing in diameter as the vapor expands. 
Hence, the importance of constructing the nozzle so that it shall 
discharge gasoline in as finely a divided state as possible. 


Ques. What is the effect of reduced pressure in the mixing 
chamber? 


Ans. Lowered pressure without a correspondingly 
lowered temperature tends to cause vaporization which 
begins as soon as the fuel has left the nozzle. 


It is impossible to measure or estimate the extent of the 
vaporization at the nozzle or through the manifold, due to this 
pressure reduction, hut it is known to be very appreciable in its 
effect. 

It should be considered as a condition affecting vaporization 
at the nozzle end but slightly, but toa much greater extent after 
the fuel has become suspended in the air. 


Ques. What results are obtained with the ordinary nozzle? 


Ans. ‘Those who have constructed transparent mixing 
chambers for the observance of nozzle action, have 
ascertained that the fuel left the nozzle as a solid stream 
or in heavy globules and irregular “chunks,’’ not as a fine 
spray or mist, as it is supposed to do. 


Ques. How may this faulty action be overcome? 


Ans. <A good design of nozzle and needle valve will do 
much to correct this, giving an increase in power output 
and fuel economy. However, any nozzle form will give a 
wet and uneven discharge with low engine demands, even 
though a true spray’ may be delivered with increased 


demands. 
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Ques. . What is the behavior of the fuel in passing through the 
mixing chamber? 

Ans. Some of the fuel torn away is in small enough 
particles to be considered as spray or mist, and may be 
taken as contributing directly to the vapor content of the 
mixture; the greater part, however, sooner or later strikes 
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Fig. 36.—The Stromberg Carburetter, The principal features of this 
carburetter are: a glass float chamber, concentric float, venturi shaped mix- 


iary air through the auxiliary valve M, thence it basses to the engine through 
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some part of the containing walls, and is later picked up in 
the form of globules. These globules are continually 
taken up and thrown out by the air stream in its progress 
to the cylinders, until some of them are sufficiently small 
to become permanently entrained or have become com- 
pletely vaporized. 


Ques. What condition of operation has a marked influence on 
the efficiency of the nozzle? 


Ans. Whatever form be given to the nozzle, the effect- 
iveness with which it can break up the fuel varies as the dif- 
ference between the pressures at its two ends, and as this 
pressure difference varies throughout the speed range of 
the engine, the fineness will aiso vary. 


Ques. What provision should be made in designing a nozzle? 

Ans. Since the nozzle has a very small opening, even 
for the largest automobile motors, it is easily stopped up, 
and the construction should be such that it may be easilv 
removed for cleaning. ' 


Ques. What is a vapor? 
Ans. ‘The gaseous form of a substance that is ordinarily 
solid or liquid; any gas near its condensing point. 


Ques. In the carburetter, what governs the degree of vaporiza- 
tion? 


Ans. The fineness with which the liquid is broken up 
at the nozzle; the reduction of pressure within the mixing 
chamber, and the temperature and grade of the fuel. 


Ques. What happens during vaporization by pressure reduc- 
tion? 

Ans. That part of the liquid which vaporizes does so 
through the abstraction of heat from the remainder, which 
becomes constantly colder. Vaporization due to pressure 
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reduction by engine suction will continue until the tem- 
perature of the liquid becomes so low that vaporization 
ceases until heat is supplied from some outside source. 
Vaporization by pressure reduction, however, can become 
only partially complete, since the part of the liquid which 
vaporizes does so through the abstraction of heat from the 
remainder, which becomes constantly colder. 


When a carburetter is rather small, for the engine which it 
has to supply, it becomes very cold while in operation, as the 
amount of heat necessary to effect the evaporation of the gaso- 
line is more than is available from the entering air or than could 
be secured through the metal of the carburetter by conduction. 
‘The temperature of the metal becomes so low that water condenses 
on it, and, in extreme cases, is deported in the form of frost. ‘This 
indicates a temperature within the carburetter too low for the 
successful use of inferior fuel, and so low as to possibly affect the 
intimacy of the resulting mixture, even if high test gasoline be 
used. Moreover, if any water be present in the float chamber, 
it will probably freeze and disturb the flow of the gasoline. 


Answers Relating to Methods of Heating 


Ques. How is heat supplied to the liquid? 


Ans. Heat is given up to the liquid by the air supply, 
and by radiation from the passage walls. 

The transfer is effected chiefly through the agencies of con- 
vection and conduction—the former implying a rapid agitation 
and relative motion between the particles of the two substances, 
and the latter the exposure of the liquid to the greatest possible 
surface areas, It is readily seen that the finer the fuel division 


at the nozzle, the more rapid will be the vaporization and the 
nearer the approach to uniformity of the final mixture, 


Ques, How does vaporization by heat alone proceed? 


Ans. Where vaporization is brought about entirely 
by heat from some outside source, the degree to which it 
may be carried depends wholly upon the amount of heat 
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PLATE—THE R. O. C. CARBURETTER.—Continued 


When the fuel is drawn from the nozzle at B, it is met by several fine air jets, passing through 
the control tube C and the perforations D, which break the fuel up into a fine spray, which, 
due to the heat that it contains, immediately flies into a vapor while mixing with the air — 
entering through the annular port E. 


The peculiar construction of the port E gives it the venturi tube principle, the lower 
half of the tube being practically turned over. The fuel level in this carburetter may be raised 
or lowered at will, by simply turning the knurled nuts F, without interfering with the action 
of the carburetter while the engine is running, and thus the proper level is easily obtained. 


The outer jacket can be removed by taking off the nut G, or the float chamber drained 
by removing the plug H, or the active inner mechanism can be exposed while in position by 
magia <3 the float chamber, which is merely a drawn brass shell as all connections are part 
of the cover. 


_ The tension of the auxiliary valve spring is adjusted by turning the wing nut I without 
interfering with the action of the valve. 


The needle valve adjustment is made by turning the air tube C by means of its knurled 
head J and it is held in any position by tightening the knurled jam nut K. 


An interesting feature is that all adjustments, including the removal of the float chamber, » 
are made without even the use of a screw driver. 


Model A differs from the illustration simply by the absence of the jacket surrounding the 
float chamber. 
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supplied, since the temperature of the liquid is being con- 
stantly raised to, or maintained at the proper point. 
Ques. How is heat supplied from an outside source? 


Ans. By providing means for heating the air supply, 
the mixture, or the gasoline. 


_ ,The air may be heated by arranging the outside end of the 
air inlet pipe so as to terminate closely to the exhaust manifold 
or some hot portion of the engine. 


Fig. 37.—A jacketed carburetter. ‘The mixing chamber is shown sur- 
rounded by a jacket P, for heating the mixture. This is accomplished either 
by connection with the cooling water, or exhaust from the engine. During 
the summer season, when the atmospheric temperature is high, the heating - 
arrangement may be dispensed with. 

The mixture may be heated by a jacket around the mixing 
chamber, (fig. 37), and heat supplied either by means of hot water 
taken from the cooling system with a shunt, or by passing the 
exhaust gases through the jacket. Similarly, the liquid may be 
heated by hot water or exhaust gases by jacketing the float 


chamber. 

Ques. How do the two methods of heating compare? 

Ans. Heating the carburetter by the circulating water 
gives good results, but the starting of the motor is more 
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difficult, especially in winter. Heating by exhaust gases 
is open to some objection, as oil and carbon soot are liable 
to be deposited in the heating jacket. 


Answers Relating to the Mixture 


Ques. Of what does the fuel charge for a gas engine consist? 


Ans. It is composed of a mixture of about ten to six- 
teen parts air to one of gasoline vapor. The proportion 
varies according to the conditions of the atmosphere, quality 
of gasoline, and engine speed. 


Ques. What is a constant mixture? 


Ans. One in which the proportion of gas and air does 
not vary. 


Ques. Is a constant mixture advisable? 


Ans. At first it was thought that the best results were 
obtained with a constant mixture under all conditions. 
However, from experience and numerous experiments, 
it has been conceded that a constant mixture is not advis- 
able, either from the standpoint of fuel economy or best 
operation. 


Ques. How should the mixture be introduced into the cylinder? 


Ans. To get the maximum power out of a given sized 
engine the fuel should be introduced into the cylinders 
as cod as possible consistent with complete evaporation, 
intimacy of mixture, and completeness of combustion. 


Ques. What is a thin or lean mixture? ; 


Ans. One having a very small proportion of fuel gas, 
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PLATE—THER.O.C. SUPERHEATER—Con'inued. 

In the R. O. C. superheater, the fuel in the liquid form 
is heated before it is fed to the carburetter, but it is not 
vaporized untilit is sprayed into the mixing chamber. It 
then evaporates of its own heat for the same reason that 
water blown off from a steam boiler evaporates, 

The R, O. C. superheater can be attached to any 
carburetter or mixing valve by connecting it between 
the gasoline supply and the carburetter, and leading a 3@ in. pipe from the exhaust to the 
superheater, The exhaust leader should be tapped into the exhaust pipe as close to the engine 


as possible, and the exhaust outlet from the bottom of the superheater may be run anywhere 
to the atmosphere. 
926 


CARBURETTERS 93 


Ques. What is a rich mixture? 


Ans. One having a greater percentage of fuel gas than 
contained in a lean mixture. 


Ques. Which is more economical? 


Ans. A lean mixture. 


Ques. Does a mixture contain more air than is necessary for its 
combustion ? 


Ans. Yes, under average running conditions, at normal 
loads it is customary to work with a surplus of air of from 
30 to 40 per cent. 

Ques. Why is this? 

Ans. ‘To reduce the temperature all around; and pre- 
vent premature explosions which might be caused by the 
heat of compression; also to supply to the gas, even when 
poorly mixed with the air, always sufficient oxygen for com- 
bustion, and consequently to reduce to a minimum the 
loss of unburnt gases leaving the exhaust. 


Ques. When is a rich mixture desirable? 


Ans. At low speeds and under heavy loads. 


Ques. Why is this? 

Ans. Because at low speeds more heat is Jost to the 
cylinder walls, more compression is lost by leakage, and 
the combustion can therefore be slower, thus sustaining 
the pressure. Also with heavy loads a higher mean effective 
pressure is required in the cylinder; this is secured by the 
slower combustion, which, as stated, tends to maintain a 
higher average pressure during the stroke. 


Ques. When should a lean mixture be used? 


Ans. At high speeds, because the compression is bet- 
ter, due to less time for leakage and to less loss of heat; 
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moreover, a lean and highly compressed charge burns 
faster than a rich charge. 


Ques. Why is a rich mixture objectionable, especially at high 
speeds? ; 


Ans. Due to slow combustion, the temperature is 
too high at the end of the stroke, resulting in rapid deter- 
ioration of the exhaust valves; further, there is more or 


less loss by the continuation of combustion after the open- 
ing of the exhaust valves. 
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Fig. 38.—Schebler carburetter (model H). It has a spherical shaped bowl 
which embodies in one the reservoir and float chamber, The primary air passes 
through the central tube. This tube decreases in size at the discharge point of 
the nozzle, leaving only a small aperture, thus allowing the engine to be throttled 
down to a very low speed. The parts are: A, auxiliary air valve; B, low speed 
adiusting screw; E, float chamber lock nut; F, union; G, gasoline connection; 
2, float chamber; J, mixing chamber; K, primary air inlet; M, spring cam cast- 
ing; N, eccentric high speed adjustment; Q, throttle lever. 


A, special model for 20 horse power 
Hupmobile. 


B, special model for the three speed Flanders. 


C, model R carburetter and manifold special for Ford car. 


PLATE—VARIOUS MODELS OF SCHEBLER CARBURETTER. 
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PLATE—STUDEBAKER GASOLINE SYSTEM. 


The tank being located higher than the carburetter permits the gasoline to flow by gravity 
from the tank N through the feed pipe E to the carburetter. In this feed pipe there is a gasoline 


shut off valve D which when necessity requires, can be used to prevent the flow of gasoline 
from the tank to the carburetter, 


To detect an obstruction in the flow of gasoline from the tank to the carburetter, open the 
carburetter at drain cock B. If the gasoline do not flow through drain cock B, either the drain 


cock is clogged with sediment or dirt or there is no gasoline flowing to the float chamber of 
the carburetter. 


To test the drain cock force a fine piece of wire two or three inches long through the passage 
of the cock when it is open. This will clear the passage of the obstruction. 


When it is ascertained that the obstruction lies between the gasoline tank and the car- 
buretter proceed as tollows: 


Disconnect feed pipe E at the unions K and L. See that the pipe is free from obstructions. 
(It is practically impossible, however, for an obstruction to lodge in the feed pipe E as there is 


a gauze strainer at its entrance in the gasoline tank.) Next screw out the plug J which holds 
the shut off valve D, 


The gauze strainer will be found soldered over the opening of the plug. It is here that 
obstructions will almost always be found when they occur. It is a good thing to remove this 
plug periodically and see that it is kept clean and free from sediment or dirt. If the ob- 
struction, however, be not found at the gauze, try the shut off valve and see that it is clear. 


Next disconnect the gasoline feed from the carburetter through the nut M and see that no 


obstruction is lodged under the needle valve. (When obstructions occur in the gasoline feed 
this is the point where they generally are found, if on the gauze.) 
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Ques. How should the engine be operated to reduce this loss? 
Ans. By advancing the spark. 


Ques. What governs the size of the charge? 

Ans. The quantity of mixture that an engine wil! 
take varies greatly with the speed. At slow speeds, the 
volume at approximately carburetter pressure is equal 
to the cubic content of the cylinders multiplied by the 
number of power strokes. At high speeds of one thousand 
revolutions and over, the quantity may drop to less than 
one-half the theoretical amount, depending upon the design 
of the valves, inlet piping and carburetter passages. 


Ques. How does this affect the operation of the engine? 
Ans. This peculiarity reacts upon the compression, 
and hence on the mixture desired for best results. 


It will thus be seen that the design of the engine has a bear- 
ing on the carburetter design, which explains the well known 
fact that a carburetter giving good results on one engine some- 
times fails to maintain its reputation when applied to one of 


different design. 

Ques, What feature has a marked influence on the action of 
the mixture? 

Ans. The design and class of ignition; with an efficient 
spark, the throttle can be more nearly closed, resulting in 
increased engine capacity and fuel economy. 

Ques. How do the different ge of fuel affect the operation 
of a carburetter? 

Ans. ‘These variations demand different sizes of noz- 
zles, different float levels, different amounts of heat to be 
supplied, and different proportions of air for combustion, 


Owing to the absence of a ready means of aScertaining the 
quality of the mixture being delivered by a carburetter, the 
majority of motors in use are operating under more or less dis- 
advantageous conditions, even if carefully and properly regulated 
at the outset. 
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Answers Relating to the Surface Carburetter 


Ques. Describe the operation of a surface or “puddle” car- 
buretter? 


Ans. In this method of carburetting, a thin layer of 
air is passed over the surface of the liquid. The surface 


Fig. 39.—The surface or ‘‘puddle’’ type of carburettcr. Air flows through 
the U-shaped tube or mixing chamber as indicated by the arrows. ‘The smalf 
puddle of gasoline in the bottom of the mixing chamber is mixed with the air 
by surface contact. The size or the cross section of the mixing chamber is 
usually reduced at the region of the puddle so as to increase the velocity of 
the inflowing air. The gasoline level in the float chamber is maintained 
slightly higher than the fuel inlet to the mixing chamber, feeding the puddle by 
gravity. Hence, no initial suction is required to cause a flow of gasoline into 
the mixing chamber. 


carburetter consists of a U-shaped mixing chamber, in the 
base of which a puddle of gasoline about one-eighth inch 
deep is maintained by a float feed, as shown in fig. 39. As 
this puddle is supplied by gravity, a weaker suction can 
be employed than where the gasoline must be both 


PLATE—THE HOLLEY MODEL “H” CARBURETTER. 

_ In operation, the fuel enters the float chamber D, through the strainer disc A, and passes 
into the nozzle well E, through a passage F drilled through the wall separating them, From 
the nozzle well, the fuel enters the nozzle proper G, through the hole H, and rises past the 
needle va.ve I, to a level in its cup shaped upper end, which just submerges the lower end 
of a small tube J, which has its outlet at the edge of the throttle disc. 

_ Cranking the engine, with the throttle kept nearly closed, causes an energetic flow of 
air through the tube J and its calibrated throttling plug K. But the lower end of this tube 
is submerged in fuel, with the engine at rest. Therefore, the act of cranking automatically 
primes the engine. With the engine turning over under its own power, flow through the 
tube J takes place at very high velocity, thus causing the fuel entering the tube with the 
air to be thoroughly atomized upon its exit from the small opening at the throttle edge. 
This tube is called the ‘“‘low speed tube’’ because, for starting and idle running, all of the 
fuel and most of the air in the working mixture are taken through it. As the throttle open- 
ing is increased beyond that needed for idling of the engine, a considerable volume of air is 
caused to move through the passage bounded by the conical walls L of the so called strangling 
tube. In its passage into the strangling tube, the air is made to assume an annular, converg- 
ing stream form, so that the point in its flow at which it attains its highest velocity is in the 
_ immediate neighborhood of the upper end of the “‘standpipe" M, set onto the body of the 

nozzle piece G. The velocity of air flow being highest at the upper or outlet end of the stand- 
pipe, the pressure in the air stream is lowest at the same point. For this reason, thee is a 
pressure difference between the top and bottom openings of the pipe M, thus causing air to 
flow through it from bottom to top. 

With very small throttle opening, the action through the standpipe (air passing down- 
ward through the series of openings N in the standpipe supperting bridge) keeps the nozzle 
cup thoroughly cleaned out, the fuel passing directly from needle opening into the entrance 
of the standpipe. gine 

To secure the utmost in atomization of the fuel, the passage through the standpipe is 
given an aspirator form, which further increases the velocity of flow through it, and insures 
the greatest possible intimacy of the fuel with the air. A further point is that the atomized 
discharge of the standpipe enters the air stream at the point at which the latter attains its 


highest velocity and lowest pressure, There is but one adjustment, the needle valve I. 


The effect of a change in its setting is manifest equally over the ‘whole range of the engine. 
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PLATE—THE HOLLEY TEMPERATURE REGULATOR. 


Vaporization of the fuel, and therefore the smooth, economical running of a car, is ma- 
terially assisted if heat be supplied. 


The changes in the temperature of the atmosphere in the course of a year make it 
equally important that the heat supply be capable of control, so that the heating may 
be neither excessive in summét nor insufficient in winter. 


The above cuts show a typical installation of the Holley temperature regulator controllable 
from the dash to give the carburetter a full supply of heated air. 


The device is adjustable so that the air may be part heated and part or all at the tem- 


perature of the atmosphere. The temperature regulator in addition acts as a Strangler to 
promote easy starting in the coldest weather. 
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lifted and sprayed by suction. This type of carburetter 
is quite sensitive to changes, both in the float level and in 
the needle valve adjustment. 


An example of surface carburetter construction is shown 
in figs. 40 and 41. This carburetter has no auxiliary air 
inlet to become worn. A high air velocity is obtained in the 
mixing chamber by applying the principle of the venturi 
tube (later explained). 


Figs. 40 and 41.—The Holley Carburetter. ‘Thisis an example of the sur- 
face or ‘‘puddle’’ type. ‘The fuel level is maintained slightly higher than the 
inlet orifice which causes a small ‘‘puddle’’ of gasoline to form in the bottom 
of the U-shaped mixing chamber. ‘The operation of this carburetter is de- 
scribed in detail in the text. 

Referring to the figtires, which show the carburetter 
in two sections, it will be seen that the air enters at A and 
passes downward and up through a U-shaped tube, which 
is constricted at its lowest point. In the floor of the U is 
the gasoline orifice B, which is regulated by a needle valve 
E. ‘The mixture passes through a butterfly throttle valve 
and on to the engine by the connection C. The float cham- 
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ber surrounds the lowest part of the U, and has an annular 
cork float J, which controls the gasoline valve L, through 
a lever N pivoted at K. 


When the engine is at rest there is a puddle of gasoline 
about one-eighth inch deep in the bottom of the mixing 
chamber. Consequently when the engine is starting or 
running very slowly the air does not have to lift the gaso- 
line at all but simply draws over the puddle and is carbur- 
etted by surface evaporation. As the throttle is opened 
and the air velocity increases. the puddle is gradually swept 


Figs. 42 and 43.—The 
board control of fuel valve. 
having an extension connecting with the 
All carburetters should have dashboard control of the fuel supply. 


Holley Surface Carburetter atranged for dash- 
A universal joint is fitted to the valve stem 
graduated dial shown at the right. 


away by the strong air current passing over it: at the higher 
speeds the puddle is wiped out entirely and a spray of the 
ordinary sort takes its place, 


In starting the engine, the float is depressed by the 


pin H, and to prevent the mixing chamber becoming 
flooded, a drain pipe D is provided. 


The throttle valve is operated by the lever F, and the 
adjustable stop screw G permits regulation of the opening 


CARBURETTERS 99 


for minimum speed. The adjustment is through the needle 
valve E. A dashboard connection is sometimes provided 
to regulate the opening of this valve. 

When there is a dashboard connection the upper end 
of the needle valve stem has a universal joint, from which 
a rod extends through the dashboard to a dial and regulating 
needle. A spring ratchet holds the dial where set, and a 
hinge permits it to accommodate itself to the angle of the rod. 
This attachment enables the user to adjust the carburetter 
under running conditions, a matter of an instant, whereas 
otherwise he might experiment repeatedly. It also makes 
it possible to adjust for day to day variations in humidity, 
temperature, and grade of fuel, as well as to start on a rich 
inixture and cut down when the engine is warmed up. A 
1 pecial adjustment for hills and sand is also possible. 


Answers Relating to ‘“‘Venturi’’ Carburetters 


Ques. What is the action of a fluid or gas in passing through a 
tube of variable cross section or size? 


Ans. ‘She quantity which passes any section in a given 
time is the same, but the velocity of the fluid in the various 
sections is inversely proportional to the areas of the sec- 
tions. The pressure is greatest at the largest section and 
least at the smallest. 


Ques. What is this effect called? 


Ans. It is known as the “venturi principle.” 


Ques. Has this been applied to carburetter design? 


Ans. Yes. The principle has been utilized by shaping 
the mixing chamber like two hollow truncated cones, as 
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shown in fig. 44, with their small ends brought together, 
or.in other words, like the familiar hour glass. By locating 
che spray nozzle at the point of least cross section, the 
conditions are favorable for securing that marked economy 
of fuel which results from the use of high air velocities 
under low pressures. The greater the pressure drop at 
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Tig. 44.—The Kingston Carburetter. An example of the venturi type oj 
carburetter, Air enters at A and converges above the nozzle N in the restricted 
passage, which produces the venturi tube effect. D is the exit to the motor 
controlled by the butterfly throttle E. Auxiliary air enters through five 
circular openings G, arranged in a semi-circle in the floor of an extension H of 
the mixing chamber. Each of these five openings consists of a bushing K 
threaded in the opening in the extension H, and having its top bevelled to 
receive a 3-inch bell metal bronze ball L, which is retained in position by a 
threaded bushing M, fitting in the top of the extension H. Gasoline enters 
from the tank through J, controlled by needle valve R, operated through lever 
5S. Complete control of the nozzle N is through the needle valve V, which at 
the top of the carburetter has a T-piece X, by which it can be raised or lowered, 
thereby regulating the flow of gasoline. A serrated hub W’ of the throttle, 
permits the handle W to be turned in any direction convenient for the motor 
by loosening the locknut Z. Similarly, the intake pipe A, which is a separate 
casting, can be turned to any desired’ position by loosening the nut A’, 
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PLATE—THE EXCELSIOR CARBURETTER 


In operation, fuel enters float chamber F through connection U and a constant level is 
maintained by the float valve, which is directly actuated by float W. 

The primary air enters at P and is drawn, by suction of the engine past spray nozzle N, 
located in the restricted portio. of venturi tube; the amount of opening of spray nozzle is 
adjusted by needle valve G. 

The outlet of the venturi is further restricted by the ball B. At low speed the area around 
the ball is very small and restricts the flow of air. This lessens the suction on the spray noz- 
zle and consequently diminishes the quantity of fuel drawninto the mixture. As the engine 
speed increases the ball is lifted by suction toward the larger end of the funnel shaped venturi 
outlet, thus gradually increasing the area around the ball. This action governs the current 
of air passing the spray nozzle and consequently the degree of suction upon it. 

As the quantity of gasoline drawn into the mixture varies with the quantity of air, per- 
mitted to pass the spray nozzle, automatic control of the flow of gasoline is accomplished 
by the action of this ball. 

The movement of the ball is limited by the two stop pins d and d’. 


The auxiliary air valve X is under tension of a finely tempered clock spring which is 
housed in the dust proof case S. The degree of tension of the spring on the valve is adjusted 


at A. 
The mixing chamber M is large and so constructed as to thoroughly mix the air with the 


gas. 
The throttle T is held from closing completely by set screw R. 
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PLATE—THE EXCELSIOR CARBURETTER. 
The needle valve adjustment is for high speed; air valve adjustment is for low speed. 


Set spring tension on air valve so that fig. 1 on large gear is at index on spring case. In 
case stroke of engine be greater than the bore, add the difference between stroke and bore to 


1, and set air valve accordingly. For example, an engine having a 4” bore X 514” stroke. | 
54—4=14%; 1+ 14%= 2%. Therefore set air valve at 24. ; 


Starting.—Throw air valve closing lever to hold air valve closed and, in cold weather, 
‘‘flood”’ the carburetter. Open the throttle slightly, and start the engine. After the engine 
is started, release air valve closing lever, throttle down, and give the engine plenty of time in 
which to become thoroughly warmed before attempting to adjust, or to try out, the carburetter. 


High speed adjustment —Advance the spark, and speed up the engine. If engine back 
fire, open the needle valve one notch (N of one turn) at a time until back firing ceases. If 
engine do not back fire, do not change the needle valve setting. 


Low speed adjustment.—Retard the spark and throt 
—usually about 300 R. P. M. If engine run regularly, 
In case mixture be too rich, or carburetter load up, adjust air valve spring tension one notch 
at a time toward figure “0"', until engine runs regularly and will speed up without choking. 
In case mixture be too weak, or engine skip and stop when throttling down, adjust air valve 
spring tension, one notch at a time, toward fig. 4. The air valve should always stand slighily 
open at the lowest speed. Throttle stop screw R is then adjusted to hold throttle partly open 


for the fixed low speed. In case air or gasoline adjustments be changed, it may be necessary to- 
readjust the throttle stop screw. 


tle down to the desired low speed 
do not touch the air valve adjustment. 


Try out the car on the road and test for high speed first—afterward for low speed. 


If necessary, open or close needle valve one notch at a time from the given initial setting 
until a satisfactory high speed is obtained. Then adjust spring tension so that the air valve 
stands slightly open at even the lowest speed, and admits a sufficient quantity of air to give | 
a correct mixture, Set throttle stop screw last. 
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the nozzle, accompanied by a proportional increase in the 
air velocity, the better will be the fuel division and vapor- 
ization, 

The very rapid agitation and internal motion of the mixture 
column, due to the restricted section of the venturi tube, tends 
to produce a homogeneowus fuel charge. A lowering of the pres- 
sure lowers the temperature of the liquid through vaporization, 
hence, in venturi carburetters where any marked venturi effect 
is sought, jacketing is advisable. 

The advantages of the venturi tube as applied to carburetters 
may be summed up as follows: Homogeneity of mixture; ease 
with which the mixing chamber may be jacketed, either by air 
or water; the mixing chamber may be placed in any plane, thus 
adapting’ it to varied engine designs. 


How to Select a Carburetter 


Automobile owners sometimes seek to improve the 
efficiency, and at the same time increase the power of their 
engines by the fitting of new carburetters. Hence, before 
selecting a carburetter, the buyer should have a clear under- 
standing of its principles. The ideal carburetter require- 
ments are as follows: 


i. It must intimately mix in proper proportions 
the mixture to suit various speeds of the engine. 

2. If of the spray type, the air velocity at the nozzle 
should be great enough at the slowest engine speeds to 
overcome the initial lift necessary to bring the fuel to the 
nozzle level and draw it into the mixing chamber. 

3. The nozzle should be accessible for cleaning and 
should be so shaped, together with the needle valve, that 
it will deliver gasoline in a very finely divided form. 

4. The float chamber should be concentric with the 
nozzle, so that the fuel level at that point will not be dis- 
turbed by any inclination of the car. 
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5. A gauze strainer should be provided at the gaso- 
line inlet and also another at the air inlet. 

6. The fuel should flow in a single direction, either 
up or down through the float chamber so no pockets will 
exist. 

7. There should be a vent in the top of the float 
chamber. 

8.° The float point should be easily ground and moved 
by the motion of the float. 


Fig. 45.—The Willet Carburetter. ‘This consists of two carburetters in 
one, each with its own spray nozzle and adjtistment. ‘The small carbur- 
etter B is used for low speeds, and a second one, C, cutting in on moderate 
and high speeds. Automatic action is secured by the spring operated valve 
F. The air supply of carburetter B may be regulated by the valve D, hav- 
ing dashboard controi, Closing this valve produces a strong suction on the 
spray nozzle in B, thus drawing a rich mixture to make easy starting pos- 
sible. The valve is then opened to its normal position, which is wide open. 
Should the weather be cold and a richer mixture required, this valve may 
be closed somewhat. ‘The entire carburetter is controlled by the butterfly 
throttle valve A. Nozzle H has a single opening while G is a multi- 
nozzle having four outlets. Both mixing chambers may be heated by the 
jacket E. The fuel flow to the nozzle is controlled by the needle valves I. 
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9. The float should be adjustable to different grades 
of fuel. 

10. The passage between the float and mixing cham- 
bers should be large to prevent clogging. 

11. The air passage should be contracted at the noz- 
zle. 

12. A removable gauze should be inserted in the mix- 
_ing chamber to prevent unsprayed liquid reaching the 
engine. 

13. The gasoline inlet valve should be arranged to have 
dashboard control. 

14. There should be means of heating in cold weather 
or with low gravity fuels. 


Auswers Relating to the Selection of 
a Carburetter 


Ques. In selecting a carburetter, why is it important to deter- 
mine the correct size? 

Ans. The action is unsatisfactory if either too large, 
or too small. 


Ques. If the carburetter be too large, what is the effect? 


Ans. Difficulty is experienced in starting, and mere 
fuel is required than necessary because the air velocity 
through the mixing chamber is too low to cause an inti- 
mate mixing of the fuel spray with the air.* Moreover, a 
very rapid cranking on starting is necessary in order to pro- 

*Nore—It must be remembered that in nearly all carburetters the level of the 
gesoline in the float chamber being somewhat lower than the nozzle, an ‘‘initial 


suction” is necessary to get the liquid to the point of discharge, and an additiona} 
suction to discharge it into the mixing chamber. 


* 
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duce sufficient suction in the mixing chamber to draw gaso- 
line through the nozzle. A carburetter too large would not 
only waste fuel, but reduce the power of the engine by 
furnishing a weak and variable mixture. 


Ques. What are the results if the carburetter be too small? 


Ans. ‘The engine will not develop its rated power since 
the carburetter cannot deliver a full charge at high speed. 
Moreover, as before mentioned, it would become very cold 
while in operation, as the amount of heat necessary to 
affect the evaporation of the gasoline is more than is avail- 


Fig. 46.—Several designs of throttle valves are here shown partially 
opened, where the effects of separation and deflection of the liquid globules 
are illustrated for each case. It will be seen that all these throttles act as 
separators when not fully open. ‘The first four throw the liquid upon the 
walls unevenly. ‘The last one shown to the right, while better distributing 
the liquid over the walls, is like the rest, an energetic separator. ‘Throttles 
like number four are rarely found in later designs, Probably all who have had 
any experience with this type remember that a drain cock isinserted at X. 


able from the entering air, or than could be secured through 
the metal of the carburetter by conduction. The reduction 
of temperature may be sufficient to prevent vaporization 
and affect the intimacy of the resulting mixture. If any 
water be present, it may freeze and disturb the flow of 
the gasoline. 


Ques. How should the carburetter size be determined? 


Ans. By the area of the valve opening on the engine 
and not by the cylinder displacement. 


a 
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Ques. Why is this? 


Ans. The valve opening area is a true measure of the 
engine capacity, because a carburetter cannot deliver 
more charge to a cylinder than the area of the valve open- 
ing will allow to pass. An excess passage area, then, cannot 
cause an engine to deliver more power than it would with 
a carburetier having a passage equal in area tc that of the 


valve opening. 
x x 


‘a 


Fig. 47.—A few examples of carburetter design, showing courses followed 
by the fuel after leaving the nozzle, for different arrangements of parts and 
passages. ‘he heavy arrowed line leading from the nozzle X indicates the 
course taken by the mixttne as influenced by the design. These diagrams are 
self explanatory, and show that liquid globules are precipitated against 
some portions of the mixing chamber wall almost immediately after leaving 
the nozzle. ‘This tends to disturb the homogeneity of the mixture, and 
requires that provision be made for correcting this effect in the remaining 
portions of the passage. 


Ques. When isa carburetter of the proper size for a single cylinder 
engine? 


Ans. When the cross sectional area of its outlet is 
equal to the area of the admission valve opening. 


Ques. How is the size determined for a multi-cylinder engine? 


Ans. The outlet area of the carburetter is made equal 
to the area of one valve opening multiplied by the number 
of inlet valves that are open at one time, as determined from 


the sequence of cranks. 
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Ques. Is it advisable to provide more than one carburetter on a 
multi-cylinder engine? ’ 

Ans. No; multiple carburetters are a useless compli- 
cation, besides a nearer uniform mixture is obtained with 
only one. 


Fig. 48.—The Breeze Carburetter. All adjustments are independent. 
Gasoline and air adjustments are placed on top, the gasoline valve has 
figures and graduations stamped on a dial head indicating the degree of feed 
opening. ‘Thereisa central draught for the primary air which passes through 
a venturi tube concentric with the spray nozzle. 


Ques. How do carburetter sizes vary? 


Ans. Carburetter makers proportion the outlet to 
correspond to standard wrought iron pipe sizes, as given in 
the table on page 107. It should be noted that internal 
pipe diameters do not correspond to the nominal diameters 
as listed. For instance, a pipe listed as 34 inch has an 
internal diameter of .82 inch, hence, the correct pipe size 
should be obtained from the table. 
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Ques. Knewing *the required outlet area for the carburetter, 
how is the diameter of the outlet found? 


Ans. By reference to the table of standard pipe sizes; 
a pipe size corresponding as near as possible to this area 
is selected, taking the nearest larger size. 


TABLE OF STANDARD PIPE SIZES. 


PIPE OUTSIDE INSIDE INTERNAL 
SIZE DIAMETER DIAMETER AREA 
ins. ins. ins. sq. ins. 
% -840 .622 - 304 
34 1.050 .824 533 
I 1.315 1.048 861 
1% 1.660 1.380 1.496 
1% 1.900 1.610 2.036 
2 2.375 2.067 3-356 
24% 2.875 2.468 4.780 
g 3-500 3.067 7-383 
3% 4.000 3-548 9.887 
4 4.500 4.026 12.730 


The successful working of a carburetter depends 
not only on its being of correct size, but also that it be 
properly adjusted to the requirements of the engine. 
The adjustment of a carburetter is an important opera- 
tion, and should only be attempted by those thoroughly 
familiar with its principles. 


*NoTE,—To find the valve opening area, remove an intake valve and measure 
the diameter of the port it covers, and also the lift of the valve and angle of valve 
seat. ‘The effective valve opening area is equal to the slant surface of the trustrum 
of a cone whose upper base diameter is equal to the port diameter, whose slant 
height is equal to the lift of valve times the sine of the angle of the valve seat and 
whose lower base diameter is equal to the port diameter plus twice the valve lift 
times cos ¢ sin ¢. Values thus obtained, substituted in the following formula will 


ive the required area. 1 ; ; 
shen 5 pe opening = 3 slant height x (circumference of upper base + circum- 


f lower base). i . 
BN: is to be multiplied by the number of suction strokes occurring at one 


time. 
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Answers Relating to Carburetter Adjustments 


Ques. What attention should the float chamber receive? 


Ans. The interior of the float chamber should be exam- 
ined, and any dirt or other matter which might interfere 
with the proper flow of the gasoline should be removed. 


Ques. What preliminary operation is sometimes necessary with 
a spray carburetter, in starting? 

Ans. Occasionally, a mixture for starting must be 
obtained by priming; it is, however, possible in doing this 
to make too lean or too rich a mixture. If the adjustments 
be decidedly wrong, the mixture formed on the first few 
revolutions will be so bad that the engine will stop. 


Ques. What adjustment is necessary for the float? 


Ans. If the float be too high, gasoline will continually 
overflow the spray nozzle. ‘The gasoline level, as before 
stated, should be such that the liquid will form a bubble 
at the nozzle to be blown off at will, The exact height 
can be found by this method. 


Ques. What should be noticed after the Aoat chamber has had 
time to fill? 

Ans. It should be observed whether gasoline drips 
from the nozzle. Occasionally a float and float valve are so 
arranged that the valve, although tight in one position, may 
slant over a trifle and leak. 


4 
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Ques. How is a proper mixture obtained for starting the engine ? 


Ans. If there be no dripping from the nozzle after the 
float chamber has had time to fill, the float should be de- 
pressed, and the engine cranked at the first sign of drip- 


ping. 


i 


H/T 
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Fig. 49.—The Schebler Carburetter. A compensating air valve A, adjust- 
able by the screw M and the spring O, controls the air supply to the mixing 
chamber C. Above this valve is a shutter which may be partially closed 
when cranking to increase the suction in order to obtain a rich mixture. The 
spray nozzle is located at D and the supply regulated by the needle valve E 
by means of a thumb wheel I. ‘The needle valve has two adjustments, one 
for high speed and one for low. At R is the eccentric high speed adjust- 
ment. ‘Throttle valve K is of the butterfly type and is operated by the 
lever P. Heating is secured by a jacket surrounding the throttle. Gasoline 
enters the float chamber B through the elbow connection G. ‘The fuel level 
is maintained by the concentric float F, which regulates the supply by the 
inlet valve H and the lever connection J. The float point is adjustable by 
the needle valve adjusting screw I, accessible by removing cap U. ‘The 
carburetter is primed by the tickler or flushing pin V. 
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In case of too much priming the gasoline should be shut off 
and some of the supply in the float chamber removed, to weaken 
the mixture. Experience will soon establish the priming required 
to start the engine, when cold. 

Gasoline, when warm, evaporates more rapidly, and caution 
is required not to prime too much. Many carburetters with a 
small primary air passage will start the engine without priming, 
when they are once properly adjusted. 

When the engine starts, but immediately dies down, the float 
should be depressed, as this keeps the engine going if the cause 
of the dying down be too weak a mixture. 


Ques. With what degree of throttle opening should the engine 
attain its maximum speed when running free, and with the spark 
fully retarded? 

Ans. Under these conditions, the engine should attain 
its maximum road speed with the throttle about one-eighth 
open. 


Ques. What should be the action of the auxiliary valve con- | 


trolling the secondary air supply? 


Ans. The auxiliary valve should begin to open at 
about 250 revolutions per mlinute, but should not open 
fully for maximum speed with engine running light, as it 
is not taking full charges. 


Ques. What is the first adjustment of the fuel? 


Ans. With the engine running light at about 250 to 
300 revolutions per minute, the fuel needle valve is adjusted 
to such a position that with the spark just back of the 
center, the speed can be cut down to below 200 revolutions 
per minute without misfiring. 


Ques, What is the first adjustment of the auxiliary valve? 


Ans. ‘The spring should be adjusted so that it only 
partially opens for maximum speed when the engine is 
running free. 
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PLATE—THE HARROUN KEROSENE CARBURETTER. 


In operation, part of the exhaust is forced through the space around the venturi which 
heats this corrugated surface to a cherry red. This venturi passage is in the form of a spiral 
and, as the atomized fuel is drawn through by the suction of the engine, the heavier parts 
are thrown to the outside against the heated surface by centrifugal force and the more vola- 
tile portion of the fuel remains in the center. 

The fuel, as it is sprayed from the nozzle and comes in contact with this hot surface, is 
turned into a vapor. This vapor is partially mixed with air which comes from the bottom of 
the venturi and is further diluted with cold air which comes through the secondary air valve, 

The fuel opening in the nozzle is automatically opened and closed by the action of the 
secondary air valve. There is but one adjustment on this carburetter and this is operated 
from the driver’s seat through a suitable connection to the lever A on the side of the carbu- 
retter. This raises and lowers the fulcrum of the rocker arm G inside of the carburetter and 
raises and lowers the needle B as it is actuated by the air valve E. 

One of the original features of this carburetter is that of taking a small portion of the 
xxhaust gas back into the charge through the air valve opening. 

By means of the butterfly valve C, the amount of exhaust gas used is controlled. This is 
»yperated from the dash and provides regulation of the maximum expansion period in relation 
fo the piston travel under varying running conditions. 
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Ques. What is the adjustment to be made on the road? 

Ans. The fuel supply. In making this adjustment 
the car is run at moderate speed. Now should the engine 
run in a sluggish manner, the gasoline supply must be varied, 
first reducing, then increasing the richness of the mixture. 
A few trials should give a mixture on which the car will 
run well. 


Ques. Does the satisfactory running of the car prove the cor- 
rectness of the mixture? 


, Ans. No, not altogether, because the car may be run- 
ning with more throttle opening than is necessary. 


Ques. How is an over rich mixture indicated? 


_ Ans. If the mixture be too rich, the radiator will heat up 
on level ground and overheat on hills at moderate speeds. 


Ques. How should the mixture be weakened ? 

Ans. By reducing the tension of the auxiliary valve 
spring. 

Ques. What indicates that the mixture is too lean? 


Ans. A weak action of the engine not accompanied 


by heating, when running the car on level ground. 


Ques. Describe a good test of the mixture? 

Ans. Its quality is indicated by the response to the 
advance of the spark. If the mixture be bad, the spark 
must be advanced considerably to produce any notice- 
able acceleration, whereas with the correct mixture any 
change in the advance is not needed except at: maximum 
speeds. Even more marked is the response to the throttle 
when the latter is nearly closed. 

Ques. What peculiarity is there in the action of the auiliary 
valve spring? 

Ans. A change in spring tension has a greater pro- 
portional effect at low than at high speeds. 
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Ques. How should the auxiliary valve spring be tested? 


Ans. After removing the exhaust manifold, the flame 
colors should be observed, as these are reliable indications 
of the quality of the mixture. ‘The stiffness of the spring 
should be such that at the lower and medium speeds the 


Fig. 50.—A Vaporizer or Generator Valve. This differs from a carburetter 
in the absence of a float chamber, and consists of a mixing chamber 
containing a check valve and having: 1, an air inlet; 2, a gasoline inlet; and 
3, an exit to engine. Its operation is as follows: On the suction stroke, 
the partial vacuum produced in the mixing chamber A permits the atmos- 
pheric pressure to act upon the valve F’, opening same against the tension of 
spring G, which is held in position by the washer I and cotter H. At this 
period, the gasoline valve in the port seat is uncovered and a small amount 
of gasoline is sprayed into the incoming volume of air and passes into the 
mixing chamber where the mixing is further assisted, in some designs, by baffle 
walls. At the end of the suction stroke the pressure in the mixing cnamber 
becomes equalized with the atmosphere and the spring causes the valve F to 
seat, thereby retaining the mixture and shutting off any further injection of 
gasoline or air. ‘The gasoline supply may be adjusted by the needle valve 
O operated by the thumb wheel P, which has a flat spot on its circumference 
on which the spring S bears to retain the adjustment. The spring can be 
turned to any position by loosening the locknut T. The volume of mixture to 
the engine is regulated by a sliding throttle D, operated by lever M and 
locked by spring N, which engages notchesin a graduated dial. A vaporizer 
when used on a two cycle engine requires no check valve between it and the 
engine, 
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color of the flame will be a dark blue verging upon violet; 
for other speeds up to the normal or rated speed of the engine, 
the color should be a somewhat lighter blue, the color 
gradually fading but at no point losing its decided blue 
tinge. 


The fading of the blue color denotes a gradual weakening 
of the mixture as it should do for increasing speeds. One nec- 
essity, among others before explained, for this gradual weakening 
is that at high piston speeds a slightly weakened mixture burns 
faster than does one of full strength. This being necessary at 
high speeds to secure complete combustion before exhaust. 


ee Re 


SSS 


Fig, 51.—An Air Inlet Pipe. ‘This consists of a short length of pipe 
threaded at one end and screwed into the air inlet of a vaporizer. A saving 
in fuel is secured by its use as any gasoline or vapor that may be blown 
into the inlet when the valve seats, is retained in the pipe and drawn into the 
mixing chamber during the next suction stroke. Without any extension of 
the inlet, this fuel would be blown out into the atmosphere and lost. 


Ques. What is the significance of a yellow or red tint? 


Ans. A yellow tint in the exhaust denotes too little 
gasoline in proportion to the amount of air supplied, while 
red indicates too much gasoline. Both these tints, yellow 
and red, show that the engine is not developing its best 
power, moreover, the red shows a waste of fuel. 


Ques, What indicates a faulty nozzle action? 


Ans. ‘This defect makes it impossible to adjust the car- 
buretter so as to get a blue flame; it is further emphasized 
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by fluctuations of the flame color from yellow to red or 
vice versa, indicating coarseness of fuel division and a result- 
ing non-homogeneous mixture. The nozzle may not be 
entirely at fault; as the mixture is somewhat dependent 
upon the manner in which the carburetted primary air 
is brought into contact with that from the auxiliary port; 
but whatever the whole cause of the trouble may be, the 
nozzle is chiefly at fault. 


Ques. What indicates that the spring is not properly propor- 
tioned for the auxiliary valve? 

Ans. Sometimes a spring adjusted to give a proper 
mixture at one speed will not give good results at other 
speeds. Assuming the mixture originally to be too rich 
at high speeds, and that it was corrected by slackening the 
spring or increasing the auxiliary valve lift, and also that 
the change was only in the lift, the mixture at lower speeds 
has probably not been affected. If, however, the spring 
has been slackened, the mixture may be too lean at low 
speeds, owing to the air valve opening too soon. One way 
to correct this would be to use a spring having a larger 
number of turns, but a satisfactory result may usually be 
reached by increasing the spring tension and reducing the 
spray orifice. 


Ques. What further attention should be given to the auxiliary 
valve? 

Ans. It should be noted whether the valve strikes 
the stop at moderate speed. It it do, it will not admit 
sufficient air at high speed, hence, the stop should be ad- 
justed if possible to permit a greater lift. If it should 
“flutter” at high speed, the lift must be reduced to increase 
the spring tension and diminish the fuel supply to the 
nozzle. : 
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_ Much depends upon the proper adjustment of theair valve 
spring. To get the best results in power and economy, the ten- 
sion of the spring should be almost nothing with the valve upon 
its seat; and, if the primary air inlet and fuel valve be carefully 
adjusted as above, it will be found that no more tension is needed 
to maintain the valve in a closed position while starting the engine. 
The spring may not be composed of the proper size wire nor have 
the right number of turns to give the proper initial tension. 
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GURVED STRAINER 


STRAIGHT STRAINER 
GAUZE 


Fig. 52.--The Breeze fuel strainer. In this device the fuel settles first and 
then strains through fine meshed gauze. The sectional cut shows the construc- 
tion. Two gauzes are furnished, one vertical across the inside of the small 
chamber and the other rounded out. Water, dirt, etc., settles before the fuel 
gets to either gauze. To take apart and clean the strainer, the front and back 
parts are unscrewed. Occasional draining is all that is necessary under ordinary 
conditions to let out the dirt and water. The holes in the end are drilled to take 
1% in. outside diameter copper tubing, which can be soldered into the ends of 
connections. The ends could also be drilled to take 3%; in. outside diameter tube. 
The outside ends are threaded 14 in. iron pipe size, so that a regular union nut 
and tube can be used. The arrow on the side points in the direction the gasoline 
should flow; that is, the arrow points toward the carburetter. The boss on the 
top is tapped 14 in. standard bolt thread and may be used for supporting the 


weicht of the strainer and the pipe line. 
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Ques. How can the “road adjustments” be made without run- 
ning the car on the road? 


Ans. A device consisting of a rude form of Prony 
brake has been employed to secure a running load on the 
engine with the car standing. 

In this method of making the adjustments, a board five ot 
six feet in length and somewhat wider than the fly wheel face is 
either suspended from the side frame of the car or fulcrumed 
upon a block on the floor. The short end of the lever thus pro- 
vided bears against the flywheel from the under side and weights 
up to ten or fifteen pounds are placed on the other end; this will 
give all the load necessary. 


With this apparatus the carburetter may be adjusted to the 
varied road conditions of power demands while the car is standing. 


Ques. What precaution should be taken in making carburetter 
adjustments? 

Ans. They should not be made hurriedly, as the first 
indication of the natu~3 of a trouble may prove, on further 
investigation, to be wrong. When a fairly good mixture 
has been obtained, it is advisable to operate the car awhile 
without further adjustments, noting its action and care- 
fully analyzing the carburetter action under all road con- 
ditions. 


Answers Relating to Hand Control 


Ques. Do the automatic devices employed on carburetters give 
proper regulation for all conditions? 

Ans. All attempts at automatic regulation to secure 
the ideally correct mixture of gasoline and air, for every 
variation in engine speed have not been successful. 


Whatever may be the claims of carburetter makers, they 
would be the first to admit that, excellent though the results may 
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be in the hands of the average user, these results at best are but 
a compromise. Many of the best known European cars have 
built up reputations by being driven in and winning races on the 
road, by drivers recruited from the ranks of those who first obtained 
publicity by track and road racing on motor bicycles having car- 
buretters with hand control. There is no sound reason why a 
driver, in addition to the throttle, should not have two other levers 
within reach to alter the quantity of air passing by the nozzle 
and the quantity of gasoline sprayed into the mixing chamber. 
Once the correct gasoline supply for the jet is settled at the factory 
it would not require to be greatly varied; therefore, an attachment 
on the dashboard providing minute gradations would suffice. 


a) 


AUXILIAR 
AIR INLET 


Figs. 53 and 54.—Hand control for extra air supply. A very useful at. 
tachment for economy of fuel, and for cooling and scavenging the cylinders, 


Ques. Under what running conditions is it desirable to use hand 
control? 


Ans. Hand control can be used to advantage in ascend- 
ing steep hills when the engine load limit is nearly reached, 
necessitating wide open throttle and retarded spark. The 
automatic auxiliary air supply ought, under these circum- 
stances, to promptly close, but the great suction exerted 
by a four or six cylinder engine on full throttle keeps the 
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air valve open much wider than is necessary. The engine 
demands the richest possible mixture, and this ought to 
be supplied, because the certain overheating that will ensue 
is only temporary, and may be nullified either by stopping 
the engine when the hill is surmounted, or by replenishiug 
the circulating water. 


The abolition of hand control for the auxiliary air supply is 
only for simplicity, for, with or without a variable jet, hand con- 
trol offers a command of engine flexibility little short of wonder- 
ful. It is interesting to watch the spindle of an automatic air 
valve when the throttle is opened and closed, the car, of course, 
being at a standstill. The valve will, in nearly every case, be 
found to gradually open as the engine speed increases in response 
to the throttle reaching its full opening at about three-quarters 
speed. At the highest speeds, the engine requires considerably 
more air than is needed at the lower speeds, and this is not obtained 
with automatic control. 


Ques. Describe a simple device for hand control that may be 
easily applied to any car. 


Ans. An opening is cut at any suitable place in the 
pipe between the carburetter and engine and covered with 
a sliding collar, valve, flap, or any other device that can 
be easily opened or closed by a lever on the steering column, 
the essential feature being that it must be fairly air tight 
in the closed position. 


With a little experience on the road, the driver will soon dis- 
cover the point of engine speed determined by the throttle lever 
at which he can commence to open the extra air supply. If he 
has never before driven a car so fitted, it will be a revelation to 
him, for this extra air port can be opened wider and wider before 
the engine will misfire to indicate that the mixture is too weak. 


Ques. What other duties may be performed by the port cut for 
band control? 


Ans. It can be made to act as a scavenger and cylinder 
cooling agent. When descending a long hill, by switching 
off the spark, entirely closing the throttle and opening the 


PRIMING COCK. 


THROTTLE VALVE 


SPRAY NOZZLE 
AUXILIARY AIR 


PRIMARY AIR 


PLATE—THE PEERLESS CARBURETTER. 


_ Among the features of this carburetter may be mentioned: adjustable primary air; jacketed 
mixing chamber; two auxiliary air valves, elc. 


In adjusting the carburetter, allow engine to run until it is thoroughly warmed up before 
attempting any adjustment; otherwise the results may be very perplexing. With the engine 
running free of load and as slow as feasible, see that dampers T and U are wide open and 
that spring Q holds auxiliary air valve R closed as shown by the fact that its stem M can- 
not be further lowered. Next loosen the jam nut I and slowly turn the stud J (either by 
means of the square at its lower end, or by the two jam nuts A at its upper end) so that 
the shoulder near the middle of its length will lift the valve H off its seat. This allows air 
to enter above the throat, weakening the mixture formed in the throat and should be car- 
tied to the point at which the engine begins to fire or explode irregularly. After determining 
this point, turn stud J in the opposite direction just far enough to cause regular firing and 
then securely lock it in this position by means of the jam nut I. Having thus determined 
the idling adjustment, increase the speed of the engine until, by noting the position of the 
valve stem C, the valve H is known to have lifted off its seat approximately 1-32”. Again 
make sure that valve R is still resting on its seat. Next loosen jam nut E and adjust the 
tension on spring G (by turning adjusting screw D) until the best mixture is obtained, that 
is, when any less tension will start irregular firing or cause a popping back through the car- 
buretter. Having determined the proper adjustment for D, securely lock it by tightening 
jam nut E. Normally there should be very little tension on this spring, in fact, the spring 
may not start to compress until the valve lifts. The maximum lift should next be fixed by 
setting stop nuts A as follows: First lower nut until the valve has no lift, then raise it ap- 
proximately 34 turn on model 38, 1 turn on model 48, and 114 turn on model 60. 


After loosening the jam nut O, the tension on spring Q should be so adjusted (by turn- 
ing screw N) that the valve R just starts to open as the valve H attains its maximum lift 
(determined by the setting of stop nuts A). The engine speed should be increased very grad- 
ually in order to determine more accurately the speed at which the lift of valve H stops and 
valve R should start. Having found the proper setting of screw N, lock it securely by means 


of jam nut O. 


The maximum lift of large valve R should now be determined. Loosen stop nuts K and 
lower same until the valve has no lift, then raise them 14 turn on 38-six, 34 turn on 48-six, 
and 1 full turn on 60-six. Now open the throttle suddenly, accelerating the engine speed 
fora moment. Repeat this several times while alternating slightly the setting of nut K. When 
the adjustment that gives quickest acceleration is found, securely lock nuts K on stem by 
tightening them against each other. After this preliminary setting, the car may be tried 
out under actual road conditions, when slight alterations may be found advisable. In mak- 
ing such changes, always alter only one adjustment at a time and note carefully just what 
portion of a turn is given the part adjusted so that same may at any time be returned to 


its original setting. s 
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extra port to its full extent, (the top speed gear and clutch 
are, of course, kept in engagement so that the car is driving 
the engine), cold air is drawn into the engine on each suction 
stroke, clearing out every particle of the hot gases and 
helping materially not only to cool the engine and spark 
plugs, but also to keep the points of the latter much cleaner 
and freer from carbonized oil than would otherwise be the 
case. 


Carburetter Troubles 


_ Preliminary to hunting for carburetter troubles, it 
should be ascertained that there is some gasoline’ in the 
tank, and that the valve on the pipe leading from same 
is open. 

The carburetter is too often blamed for faulty engine 
performance, which should be attributed to defects in the 
ignition system. Such symptoms as fouled plugs, black 
smoke in the exhaust, etc., point at once to the carburetter, 
but in cases where such obvious signs are wanting, the 
ignition system should first be thoroughly examined. 

The following carburetter troubles are frequently en- 
countered; they are for the most part due to inattention 
or carelessness, rather than to defective mechanism. 

No Flow of Gasoline.—Sometimes little, if any, gasoline 
will flow to the nozzle even when the carburetter is flooded 
in the usual manner. A quantity of dirt sufficient to stop 
the flow of gasoline, may have gathered on the wire 
gauze in the supply passage. 


The gauze and also the float valve, spray nozzle, and con- 
necting passage should be cleaned. In removing the needle 
valve to clean the spray nozzle there is no need of losing the 
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adjustment, as after the set screw which locks the adjustment is 
loosened, the needle may be turned down to a complete close, 
and the number of turns required noted, from which the old 
setting may be again obtained. 


Flooding.—If not caused by a defective float, the float 
valve should be examined for imperfect seating. If a car- 
buretter be not well stayed, vibration may keep the float 
valve off its seat, and continuous flooding result therefrom. 

The leak may usually be stopped by grinding the valve on 


its seat with a little whiting, or even grinding the seat and valve 
together without any abrasive, holding the valve and seat in their 


Fig. 55.—The Brock Carburetter. Primary air enters through a ring 
opening A, and flowing downward, as indicated by the arrows, meets the 
gasoline which enters through the slit opening H in the walls of the mixing 
chamber, the outlet to engine being at K. ‘The gasoline opening H may be 
adjusted by screwing up or down the top piece C or cover of the float chamber. 
The float G maintains a level in the float chamber D, approximately yy inch 
below the gasoline opening H. At B is the secondary air inlet, controlled hy 
the auxiliary valve E, having an adjusting screw F, ‘The float point hag 
spring adjustment as shown. 
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true relative positions, and giving them a motion or rotation with 
moderate pressure. 
Carburetters having offset float chambers may flood when 
the car is not level, as, for instance, when standing on a grade. 
Flooding may be caused by dirt under the float valve; this 
can often be removed by depressing the float, thus opening the 
float valve and flushing. 


Leaking Float.—Persistent flooding is frequently due 
to this cause. The presence of liquid inside a metal float 
is detected by shaking it, and the hole through which it 
entered located by heating the float and passing a lighted 
match over the surface, which will ignite the issuing vapor. 


To repair, the hole is enlarged with an awl, the float drained, 
and soldered. 


Leaking Tank.—Tanks are liable to leak through the 


opening of the seams by jarring or vibration. 

Galvanized iron tanks, such as are furnished on some machines, 
should be discarded when a leak results from rust, as it is prac- 
tically no use to selder it. A heavy gauge copper tank should be 
substituted. 

The supply pipe should be made flexible by a loop to avoid 
strains due to vibration. All soldered connections should be in- 
spected from time to time. 


Loss of Buoyancy.—A cork float sometimes loses its 
buoyancy by becoming saturated with gasoline. 

It should be removed and thoroughly dried by placing 
the float in a warm place; after drying a coat of shellac 
should be applied. 


Impure Gasoline.—Many carburetter troubles would be 
avoided if more care were taken to free gasoline of all dirt 


before its entrance into the tank. 


When filling the tank, a strainer funnel should be used. A 
piece of chamois skin makes an excellent filter; if a wire gauze 
be used it should have a very fine mesh. In the absence of a 
strainer funnel, three or four layers of fine linen fitted inside an 
ordinary funnel may be used. The same funnel should never 


be used for both gasoline and water. ° 
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Stale Gasoline.—When a car is not used for some time 
the gasoline in the float chamber loses its strength. 


If the engine should not start, the tank valve should be closed, 
and the carburetter drained through the pet cock, which is usually 
provided in the bottom of the chamber for this purpose. When 
empty, the pet cock should be closed and the tank valve opened, 
not forgetting to give the float chamber time to fill before try= 
ing to start the engine. 


Fig. 56—The D. K. W. Carburetter. In operation, gasoline enters at A, 
and passes upward through screen B, and then through the float valve to the 
float chamber, From the float chamber the gasoline reaches nozzle C through 
passage D. The flow of gasoline through C is reguluted by the needle valve E; 
G is the throttle. The primary air is adjusiable by cup H which is locked 
in place by nut I. The auxiliary air enters through air valves Jy K,andskis 
These are held closed by springs but are progressively opened as the engine 
suction increases; a water jacket is provided tor heating. 


Low Grade Gasoline.—This sometimes causes the engine 
to misfire and not develop its full power. Inferior fuel is 
generally indicated by a smoky exhaust and a disagreeable 
odor. Gasoline suitable for automobile use should test 
76 degrees, or not much below this gravity. 
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In the absence of a testing outfit, the quality of the liquid 
may be ascertained by pouring a little on the hand. If it evapor- 
ate rapidly and leave. the hand dry and clean it is acceptable. 
but if it evaporate slowly and leave a greasy deposit, it should 
be rejected. This furnishes a fairly reliable indication. 


Water in Gasoline.—This ‘is generally indicated when 
the engine runs irregularly, and finally stops. 

__To test, a small quantity of the gasoline is placed on a clean 
knife blade or other smooth metallic surface. The gasoline will 
evaporate, and if water be present it will collect in small globules 
unless the water has been purposely chemically combined with 


the gasoline. Gasoline and water chemically combined will 
burn slowly with a yellowish flame. 


Freezing of Carburetter.—When water enters the float 
chainber it settles to the bottom and in cold weather pre- 
vents the action of the float by freezing; the water is also 
liable to enter the spray nozzle where it may congeal. When 
heavy demands are made on a carburetter it becomes very 
cold, as the heat required to effect evaporation is much more 
than that available from the entering air. Under extreme 
conditions moisture is deposited in the form of frost, indi- 
cating a temperature in the carburetter too low for good 
working. 

These conditions may be avoided by jacketing or heating 
the air supply. 


Cold Weather.—In extremely cold weather it may be 
necessary to warm the carburetter and admission pipe. 
This may be done by pouring boiling water over them. 


Cranking.—So far as carburetter action is concerned, 
a few quick turns of the crank will be more likely to start 
the engine than ten minutes or more of slow grinding. 


Misfiring.—This is frequently caused by too weak, or 
too rich a mixture. Misfiring allows the unburnt charge 
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to accumulate in the exhaust pipe and muffler; sometimes 
accumulated gas is ignited by a later charge, causing 
a very loud report like a tire explosion. Misfiring on slow 
speed may be caused by too weak a mixture due to having 
the float set too low, or by ieaks in the pipe and connec- 
tions between the throttle and the engine. 


After Firing.—This is usually caused by the delayed 
ignition or combustion of the previous charge, due to a 
mixture that is too rich or too weak, hence it burns 
slowly with continued combustion after passing into the 
exhaust. 


Weak Explosions.—Quite regular, but weak explosions 
may be due to either too rich, or too poor a mixture, or to 
the loss of compression. 

A hiss inside the cylinder indicates a leaky piston 
ring, or that the openings of the piston rings are in line. 


A little soapy water around the relief cock, spark plug, or 
other opening into the combustion space will indicate a loss of 
compression by the formation of bubbles. 
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IGNITION 


It is of prime importance that the automobilist acquire 
a thorough knowledge of ignition. Many of the troubles 
still encountered, notwithstanding numerous improvements, 
have arisen from failure of the ignition system to perform 
its proper function. The engine may operate with an 
imperfect fuel mixture, if the ignition system be in working 
order, but any defect in the latter will in nearly every case 
cause the engine to misfire or stop. 


Numerous devices have been tried to fire the charge in gas 
engines. In the early days, a flame behind a shutter was used, 
the latter being opened at the proper moment. Sometimes the 
flame was blown out by a too violent explosion, so this method 
gave way to a porcelain tube that was kept at white heat by an 
interior flame. The tube being subject to breakage, spongy 
platinum, heated by compression, was next tried and found to 
work, if not too moist from watery vapor in the gas mixture, or 
if the engine speed were not too high. Electricity is now uni- 
versally used. Hence, in order to gain an understanding of ignition 
principles, it is necessary to have at least an elementary knowl- 
edge of electricity, of which a brief outline is here given. 


Answers Relating to Electricity 


Ques. What is electricity? 

Ans. ‘he name electricity is applied to an invisible 
agent, known only by its effects, and the various ways in 
which it manifests itself. 


Electrical currents are said to flow through conductors. 
These offer more or less resistance to the flow, depending upon 


; the material. 
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Ques. What material is generally used for conductors, and why? 
Ans. Copper, as it offers little resistance to the flow 
of the electric current. 


Ques. How is electricity transmitted by a conductor? 


Ans. It is now thought that the flow takes place along 
the surface and not through the metal. The current must 
have pressure to overcome the resistance of the conductor 
and flow along its surface. : 


This pressure is called voltage, caused by what is known as 
difference of potential between the source of the electric current 
and the terminal. 

Ques. What units are employed to measure an electric current? 


Ans. ‘The pressure under which the current flows is 
measured in volts, and the quantity that passes in amperes. 
Tne resistance with which the current meets in flowing 
along the conductor is measured in ohms. 


These terms are further explained hereafter. 
Ques. Upon what does the flow depend? 
Ans. Upon the pressure and the resistance. 

The flow.of the current is proportional to the voltage and 
inversely proportional to the resistance. The latter depends 
upon the material, length, and diameter of the conductor, 

Ques. What is the natural direction taken by the current? 

Ans. It always flows along the path of least resistance. 

Ques. What precaution is necessary? 

Ans. The current should be so guarded that there will 
be no leakage. 


Ques. How is leakage avoided? 


Ans. The wires are insulated, that is, covered by wrap- 
ping them with cotton or silk thread or other insulating 
materials, 
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Ques. What is a short circuit? 

Ans. A defect or fault in the insulation which allows 
the current to leak, and return to “the source’ without 
doing its work. 


Ques. What names are given to the two conductors which trans- 
mit the current? 


Ans. The conductor which receives the current from 
the source is called the lead, and the one by which it flows 
back, the return. 


Ques. What is the distinction between a metallic and a ground 
circuit? 


Ans. When wires are used for both lead and return, 
it is called a metallic circuit; when the metal of the engine 
is used for the return, it is called a ground circuit. 

The term originated in telegraphy, where the earth is used 


for the return. In ignition diagrams then, the expression “to 
ground” means to the metal of the engine. 


Ques. What property of electricity makes it available for ignition? 


Ans. The fact that whenever its motion is stopped 
by interposing a resistance, the energy of its flow is con- 
verted into heat. 


Ques. How is this accomplished? 

Ans. In two ways: 1, by suddenly breaking a circuit, 
and 2, by placing in the circuit a permanent air gap which 
the current must jump. In either case, the intense heat 
caused by the enormous resistance interposed, instantly 
produces a spark, which ignites the charge. 


Ques. What names are given to these two methods of producing 
the spark? 


Ans, ‘The first is known as the make and break or low 
tension, and the second, the jump spark or high tension. 
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Ques. Howare the various kinds of electric currents distinguished? 


Ans. An electric current is said to be: 1, direct, when 
it is of unvarying direction, 2, alternating, when it flows 
rapidly to and fro in opposite directions, 3, primary, when 
it comes directly from the source, 4, secondary, when the 
voltage and amperage of a primary current have been 
changed by an induction coil, and 5, lew tension, or high 
tension, according as the voltage is low or high. 


Ques. How do high and low tension currents vary? 


Ans. A high tension current is capable of forcing its 
way against considerable resistance, whereas, a low tension 
current must have its path made easy. 


. Ques. Describe an easy, and a difficult path. 


Ans. A continuous metal path is an easy one, but an 
interruption in the metal, as the permanent air gap of a 
spark plug, is difficult to jump. Air is such a poor con- 
ductor that it is usually spoken of as a non-conductor. 

The latter term should not be encouraged, as, strictly speak- 


ing, there are no non-conductors; the word insulator is to be 
preferred. 


Ques. How does a low tension current produce a spark? 


Ans. ‘The low tension current is only able to produce 
a spark when parts are provided in the path, and so arranged 
that they may be in contact and then suddenly separated. 
The low tension current will, as the separation occurs, 
tear off very small metallic particles and use these as a 
bridge to keep the path complete. Such a bridge is called 
an arc, the heat of which is used for ignition. 


The ancients applied the word “magnet,” magnes 
lapes, to certain hard, black stones, which possess the 
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property of attracting small pieces of iron, and, a8 dis- 
covered later, to have the still more remarkable property 
of pointing north and south when hung up by a string; 
at this time the magnet received the name lodestone. 


Answers Relating to Magnets and Magnetism 


Ques. . What are the magnetic poles ? 
Ans. The two regions in which the magnetic property 
is strongest. 


Ques. Where are the poles of a magnet? 
Ans. In a long shaped magnet, they are at the ends; 
half-way between the poles there is no attraction at all. 


Ques. What names are given to the poles? 

Ans. In a bar magnet, that end which tends to point 
towards the north is called the north or positive pole, and 
the other, the south or negative pole. 


Ques. What change takes place when a current of electricity 
passes through a wire? 


Ans. What is known as a magnetic field is produced. 


Ques. What is an electro magnet? 
Ans. A magnet produced by passing an electric cur- 
rent through an insulated wire conductor coiled around 


a core of soft iron. 


Ques. How will the action differ with an iron or steel bar? 

Ans. If the bar be of soft iron, it will be very strongly 
magnetized, but will not retain its magnetism for any 
length of time after the current ceases to flow; if of steel, 


’ 
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it wilt not be magnetized so strongly nor so quickly, but 
wil! retain its magnetism for a greater length of time after 
the current is shut off. , 


Ques. Does it make any difference how the wire is wound around 
the bar? 

Ans. Yes, it should be wound continuously in one 
direction, as the polarity, or location of the poles of the bar, 
depends upon the way the current flows through the wire. 


Ques. How may the polarity of a magnet be determined ? 


Ans. If the current pass around the magnet clock- 
wise the magnetic flux will be away from the observed end. 
The poles may be identified by holding a permanent magnet, 

or a compass needle, near one pole of the electro-magnet; the 


north pole of one will attract the south pole of the other, and 
vice versa. 


If the coil of an electro-magnet be surrounded by a 
second insulated coil of wire an induced current is produced 
in this second coil by what is known as induction, each time 
the current in the inside coil begins or ceases flowing. ‘The 
inside coil is called the primary winding, and the outside 
coil the secondary winding. Similarly, the current passing 
through the inside coil is called the primary current, and 
that in the outside coil, the secondary or induced current. 


By varying the relative number of turns in the two coils the 
tension or voltage of the two currents is changed proportionately. 
That is, if the primary winding be composed of ten turns and the 
secondary of one hundred, the voltage of the secondary current 
is increased approximately ten times that of the primary. ‘This 
principle is employed to produce the extremely high tension cur- 
rent necessary with the jump spark method of ignition, 
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Answers Relating to Methods of Generating 
Electricity 


Ques. What methods are there of producing an electric current? 


Ans. An electric current may be produced by: 1, 
chemical, and 2, mechanical means. 


Ques. _ Describe the first method. 


Ans. In producing electricity by chemical action, 
two dissimilar metals, such as copper and zinc, called 
electrodes, are immersed in an exciting fluid or dielectric. 
When the electrodes are connected at their terminals by 
a wire or conductor, a chemical action takes place, pro- 
ducing a current which flows from the copper to. the zinc. 
That terminal from which the current flows is called a 
plus or positive pole, and the other electrode terminal a 
minus or negative pole. 


Ques. What name is given tc this device? 

Ans. It is called a cell, and the combination of two 
or more connected so as to form a unit, is known as a 
battery. 


The word “battery” is frequently used incorrectly for a 
single cell. It requires more than one cell to form a battery. 


Ques, How are cells classified? 


Ans. ‘They are classed as primary or secondary, accord- 
ing as they generate a current of themselves or require to 
be charged from an external source. In the latter type 
a current is stored, which is afterwards yielded,in the, op- 
posite direction to that of the charging current. : 
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Ques. Name two methods of producing an electric current by 
mechanical means, 


Ans. By a dynamo, or a magneto. 


Ques. What is the difference between a dynamo and a magneto? 


Ans. A dynamo has an electro-magnet, known as a 
field magnet, which produces a magnetic field, and an arma- 
ture which, when revolved in the magnetic field, develops 
electric current. A magneto has, 1, a permanent magnet 
to produce the magnetic field, and 2, an armature which is 


Figs. 57 and 58.—Circuit diagrams to illustrate the difference between a dyna- 
mo anda magneto. The former has its field magnets FF magnetized by means 
of a small current flowing around a shunt circuit. In a magneto the field 
magnets are permanently magnetized. The strength of the field ef a mag- 
neto is corstant, while that of a dynamo varies with the output, hence, a 
magneto may be tun at a widely varying speed and meet igniticn require- 


ments, but a dynamo must have its speed maintained approximately constant 
to keep the voltage within limits. - 


Sie 
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usually arranged to revolve between the poles of the magnet. 
The basic principles upon which dynamos and maguetos 
operate are the same. 


Ques. Into what classes are magnetos divided? 


Ans. They are divided into two classes: 1, low tension, 


and 2, high tension, according as they generate a current 
of low, or high voltage. 


Low tension magnetos are used for make and break ignition, 
and the high tension type for the jump spark system. A low 
tension magneto in combination with a secondary induction coil 
may be used to produce a high tension spark. 


Fig. 59.—Sectiona) diagram of the Apple igniting dvnamo. ‘The parts 
shown are: A, cast iron body containing the moving parts; B, hinged lid 
of the body; C, one pole piece of one of the field magnets; F, brass bear- 
ing of the armature spindle; G and H, fibre tubes surrounding the spindle; K, 
brass spider supporting the spindle; L, commutator; M, wick feed oil cup; N, 
beveled nut supporting the commutator; O, P, Q, supports of the commuta~ 
tor; R, the driving disc; S, lever friction pinion. This machine can generate 
a direct current at 8 volts at a speed of between 1000 and 1200 revolutions 
per minute. It is provided with a simple centrifugal governor that auto- 
matically interrupts the driving connections when a certain speed has been 


exceeded. 


134 AUDELS ANSWERS 


There are various types of primary cell; those known 
as dry cells are most frequently used. A dry cell is com- 
posed of three elements; usually: 


7 1. Zinc; 
2. Carbon; 
3. Liquid electrolyte. 


A zine cup closed at the bottom and open at the top 
forms the negative electrode; this is lined with several layers 
of blotting paper or other absorbing material. 


Ce) 
Ga | 


Fig. 60.—Diagram of a series battery connection: four cells are shown con- 
nected by this method. If the cell voltage be one and one-half volts, the 
pressure between the (+) and (—) terminals of the battery is equal to the 
product of the voltage of a single cell multiplied by the number of cells. For 
four cells it is equal to six volts. 


The positive electrode consists of a carbon rod placed 
in the center of the cup; the space between is filled with 
carbon—ground coke, and dioxide of manganese mixed with 
an absorbent material. This filling is moistened with a 
liquid, generally sal ammoniac. 


The top of the cell is closed with pitch to prevent leakage 
and evaporation. A binding post for holding the wire con- 
nections is attached to each electrode, and every cell is 
placed in a paper box to protect the zincs of adjacent cells 
from coming into contact with each other when finally con- 
nected together to form a battery. 
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Answers Relating to Primary Batteries, and 
Battery Connections 


Ques. What is the average voltage and amperage of a dry cell 
when new? 


Ans. The average voltage, when new, is one and one- 
half volts, while the amperage ranges from about twenty- 
five to fifty amperes, according to size. 


Ques. How many volts are required to operate a coil? 


Ans. About six, for proper working. 


_&) 


—) 


Fig. 61.—Diagram of a multiple or parallel connection. When connected 
in this manner the voltage of the battery is the same as that of a single cell, but 
the amperage of the battery is equa] to the amperage of a single cell multiplied 
by the number of cells, 


Ques. What are the three methods of connecting cells? 
Ans. In series, in parallel, and in series multiple. 


Ques. Describe a series connection. 

Ans. A series connection consists 1n joining the posi 
tive pole of one cell to the negative pole of the other, as 
shown in fig. 60. 


This adds the voltage of each cell. Thus, connecting in 
series four cells of one and one-half volts will give a total of six 


volts. 
Ques. What is a parallel connection ? 


Ans. A mode of connecting cells, as shown in fig. 61, 
in which the positive terminal of one cell is connected with 
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the positive terminal of another cell, and the negative 
terminal of the first cell with the negative terminal of the 
second cell. 


A parallel or multiple connection adds the amperage of each 
cell; that is, the amperage of the battery will equal the sum of 
the amperage of each cell. For instance, four cells of twenty- 
five amperes each would give a total of one hundred amperes 
when connected in parallel. 


Ques. Explain a series multiple connection? 


Ans. ‘This consists in connecting two sets of cells in 
series and then connecting the two sets in parallel, as 
shown in fig. 62. 


Fig. 62.—Diagram of a series multiple connection. Two sets of cells are 
connected in series and the two batterics. thus formed connected in parallel. 
The pressure eqtials the voltage of one cell, multiplied by the number of cells 
in one battery, and the amperage, that of one cell multiplied by the number of 
batteries. 


In series multiple connections, the voltage of each set of cells 
or battery must be equal, or the batteries will be weakened, hence, 
each battery of a series multiple connection should contain the 
same number of cells. The voltage of a series multiple connection 
is equal to the voltage of one cell multiplied by the number of 
cells in one battery and the amperage is equal to the amperage 
of one cell multiplied by the number of batteries. Figure 63 
shows an incorrect method of wiring in series multiple connec- 
tion. If the circuit be open, the six cells will overpower the four, 
and cause a current to flow in a direction indicated by the arrows 
until the pressure of the six cells has dropped to that of the four. 
This will use up the energy of the six cells, but will not weaken 
the four cell battery. This action can be corrected by placing a 
two-way switch in the circuit at the junction of the two negative 
terminals so that only one battery can be used at a time. 
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Ques. How should cells be used? 


Ans. Two batteries should be provided and used 
alternately, so that one can recuperate while the other is 
in use; the stronger sould be used in starting. 


Ques. What precaution should be taken in renewing cells? 


Ans. A greater number should never be put in series 
than originally came with the machine. 


Ques. How many cells are usually necessary? 


Ans. With a good coil, four to six cells in series will 
give satisfactory service on most machines, and if four 


Fig. 63.—Diagram to illustrate incorrect wiring. The voltage of the six 
cell battery being greater than that of the smaller unit, current will flow 
from the former through the latter until the pressure of the six cells is equal 
to that of the four cells. 


cells suffice, then a greater number connected in series 
will last a shorter length of time. 

This is because the additional cells increase the voltage 

beyond that required, and likewise cause more current than is 


necessary to flow through the coil; this increased flow, of course, 
shortens the life of the battery. 


Ques. How should the cells be connected? 


Ans. Heavy copper wire sho 1ld not be used, because 
vibration may cause it to break. The terminals should 
be tightly connected and the spark plugs kept clean. 
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Ques. What precaution should be taken in washing an auto- 
mobile? 

Ans. Water should not come in contact with the dry 
cells, because the paper covers forming the insulation will 
become moist and the current leak across from.one cell 
to another, resulting in running down the battery. 


Ques. What are the symptoms of a weak battery? 


Ans. When a motor will run at high speed without 
missing explosions while the car is standing, but will miss 
under road conditions, it indicates that the battery is weak. 


If this condition occur, each cell should be tested separately, 
because often only one of them has weakened, and it is only 
necessary to replace the weak ones. This should be done at once. 
as the weak cell will destroy the strength of the others. 


Ques. What trouble is produced by a weak battery? 


Ans. It frequently causes difficulty in starting, as a 
better spark is then required than when the engine is warm. 

Ques. How can extra mileage be secured by two run down bat- 
ieries? 

Ans. By connecting them in series multiple. 

Ques. What other method? 


Ans. As the cells become weak a slight change of 
vibrator adjustment will prolong their life. 


Care should be taken to adjust the coil so that it will use as 
little current as possible. The vibrator should be screwed down 
sufficiently to give just enough spark to run the engine; the closer 
the points, the more the current that will be used. One-third 
ampere current is the average amount necessary. A half-tura 
of the adjusting screw on a coil will often increase the current 
consumed from one-half up to one and one-half amperes, or nearlw 
five times the actual amount necessary. 


Ques. Will dry cells deteriorate, except by usage? 


Ans. They will deteriorate when not in use, making i. 
necessary to renew them about everv sixty days. 
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It will be economy to do this, as the saving in gasoline will 
more than offset the additional cost; the reason dry cells deter- 
iorate is because the moisture evaporates. 


Freezing, exposure to heat, and vibration which loosens the 
sealing, causes the evaporation. 


Ques. How can weak cells be strengthened? 


Ans. They can be strengthened somewhat by removing 
the paper jacket and punching the metal cups full of small 
holes, and then placing in a weak solution of sal ammoniac, 
allowing the cells to absorb all they. will take up. This 
is only to be recommended in cases of emergency when 
they are hard to get. Each cell when fresh should show 
from 20 to 25 amperes when tested; the date of manu- 
facture should also be noted, as fresh cells are most efficient. 


Ques. What may be said of cells of different voltages or of dif- 
ferent makes? 


Ans. It is advisable not to put them in the same cir- 
cuit, for the stronger will discharge into thé weakest until 
all are equal. 


Ques. How should dry cells be tested? 


Ans. With an ammeter, care being taken to do it 
quickly, because the ammeter, being of very low resistance, 
short circuits the cell. When no ammeter is at hand the 
battery current may be tested by disconnecting the end 
of one of the terminal wires and snapping it across the bind- 
ing post of the other terminal; the intensity of the spark 
produced will indicate the condition of the battery. 


Ques. Why is a volt meter not used? 

Ans. Because when the cells are not giving out current, 
the voltage remains practically the same, and a cell that is 
very weak will show nearly full voltage, 
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A second chemical means of producing electricity for 
ignition is the storage battery. This consists of two or 
more secondary cells contained in a carrying case or box, 
usually of wood or hard rubber. 

A secondary cell is made up of a positive and a negative 
set of lead plates immersed in an electrolyte of dilute sul- 
phuric acid. The proportion-of acid to water is about one 
part acid to three and one-half parts water. 

In preparing the electrolyte, acid should always be added 
to water—not water to acid. 

In passing an electric current through a cell the plates under 
go a chemical change; when this is complete the cell is said to 
be charged. A quantity of electricity has been stored in the cell, 
hence, the name, storage battery. 

The cell, after being charged, will deliver a current ina reverse 
direction, because during the discharge a reverse chemical action 
takes place which causes the plates to resume their original con- 
dition. 

When fully charged, the positive plates are coated with 
peroxide of lead and are brown in color, the negative plates gray. 


The positive and negative poles of a secondary cell are plainly 
marked + and —, or Pand N. 


Answers Relating to Secondary or Storage Batteries 


Ques. What is the voltage of a fully charged cell? 
Ans. About two and one-half volts. 


Ques. What precaution should be taken in operating a. storage 
cell? 


Ans. When current is taken from a cell the voltage 
drops, and when 1.8 volts is reached the cell must be re 
charged. 
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Unless this be done immediately, the cell will deteriorate. 
The secondary cells forming a storage battery should be connected 
in series. 


Ques. What battery capacity is necessary for ignition service? 


Ans. A capacity of 40 ampere hours. A battery of 
this capacity is composed of three cells having a total 
pressure of six volts. 


Ques. What may be said about charging? 


Ans. A storage battery should be charged once every 
two months whether it be used or not. In charging, a 
direct current should be, used—never an alternating one, 
care being taken to connect the positive wire to the positive 
terminal, and the negative wire to the negative terminal. 
If connected in the reverse direction, serious injury will 
result to the battery. 


The simplest method of charging is f-om an incandescent 
light circuit, using lamps connected in parallel to reduce the 
voltage to that of the battery, the current being adjusted by vary- 
ing the number of lamps in the circuit. The group of lamps is 
connected in series with the battery to be charged, and the com- 
bination, connected across the circuit furnishing the current. — 

If the charging source be a 100-120 volt circuit, and the rate 
required be 6 amperes, twelve 16 ¢c. p. or six 32 c. p. lamps, in 
parallel, and the group in series with the battery, will give the 
desired charging rate, unless special high efficiency lamps be used, 
when more will be required. In case a lower charging rate, say 

’ 2 amperes, be used, then a proportionately fewer number of lamps 
will be needed, but the length of time required to complete the 
charge will be correspondingly increased. 


Ques. What may be used instead of lamps to regulate the current 
in charging? 

Ans. A rheostat. Its resistance should be such as to 
produce, when carrying the normal charging current, a 
drop in volts equal to the difference between the pressure 
of the charging source and that of the battery to be charged. 
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Thus, if a battery of three cells giving 6 volts is to be charged 
from a 110 volt circuit at a 6 ampere rate, the resistance would 
be, according to Ohm’s law: 


110—6 volts 
=17.3 ohms. 
6 amperes 


The carrying capacity of the rheostat should be slightly in 
excess of the current required for charging the battery. 

An ammeter with suitable scale should be inserted in the 
battery circuit to indicate the quantity flowing. 


Ques. At what rate, and how long should a battery be charged? 


Ans. A battery should be charged at the rate given 
on the name plate on the case until there is no further rise 
in its voltage, and each cell has been gassing or bubbling 
freely for at least five hours, or until there is no further rise 
in the specific gravity of the electrolyte. 


The voltage at the end of the charge may be between 2.4 and 
2.7 volts per cell, depending on the temperature and age; the 
higher voltages are obtained on new batteries with the temperature 
low; on old batteries at high temperatures the lower voltages are 
obtained. 

It therefore must be understood that in determining the com- 
pletion of a charge, a fixed or definite voltage is not to be con- 
sidered, but rather a maximum, as indicated when there is no 
further rise in the voltage over a period of five hours. It is 
important that the charge be complete. 


Ques. What should be the temperature rise during charge? 


Ans. The temperature of the electrolyte, while charg- 
ing, should not be allowed to rise above 100° Fahr. 


Low temperatures do not injure a battery, but have the effect 
of temporarily reducing its discharge capacity. 


Ques. What should be the specific gravity of the electrolyte at 
the end of a charge? 


| Ans. It should be 1.3, and should not be altered when 
the battery is fully charged. 
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Ques. After altering the gravity, what should be done? 

Ans. The battery should be charged for an hour to 
thoroughly mix the liquid just added. 

To add water or electrolyte, or to remove surplus electrolyte, 

a rubber syringe is employed. A flame should not be brought 

near the battery during or immediately following the charge. 

Ques. What is sulphation? 

Ans. The formation of sulphate of lead ; it is deposited 
on the plates in the form of a very hard, grayish coating, 
and is practically an insulator. In consequence, plates so 
affected are rendered useless unless the deposit be removed. 


Ques. What are the causes of sulphation? 

Ans. There are many causes, among which are, too 
strong, or too hot electrolyte, over discharging, etc. The 
most common cause of sulphation is excess of discharge. 
A battery that is discharged to a low point and then allowed 
to remain unused for a considerable time would be de- 
stroyed by sulphation or rendered practically useless. 


Ques. What causes local sulphation? 

Ans. This is caused by small particles of the active 
materials, which have become dislodged from the plates, 
catching in the separators (used to prevent the plates touch- 
ing), forming a “‘bridge’”’ between two plates, and totally 
discharging them. Sediment, which gradually accumulates 
in the bottom of the jars, should be removed before it reaches 
the plates. 


Ques. How should a sulphated battery be treated? 

Ans. It should be given a long, slow charge at one- 
quarter the normal charging rate, till the electrolyte shows 
the proper specific gravity and the voltage has attained its 
maximum. The terminals and top of the cell should be 
kept free from acid. 
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Ques. What may be said of verdigris? 


Ans. It forms on the battery terminals and is a poor 
conductor, hence, it should be removed and the terminals 
kept bright and clean. 


The individual cells of a storage battery should be tested 
separately in order to determine if there be a weak cell in the 
circuit, as such a cell reduces the battery output. 


There ate two methods of producing a current by 
mechanical means: 1, by the use of a dynamo, and 2, by 
a magneto. 

In any “field,” such as that produced around and inside 
a coil of wire through which a current flows, or between 
the poles of any magnet either electrical or permanent, 
there are invisible lines of force, which arrange themselves 
in a definite shape around and between the poles, and if 


they be cut in any way by moving a wire across them, a 


current is produced in the wire; this current depends 
largely upon the number of these lines of force which are 
cut per second. It makes no difference whether the wire 
be held stationary and the magnet and its field moved, or 
whether the wire itself be moved and the field held sta- 
tionary. ‘The result is the same so far as producing the 
current is concerned. ‘The utilization of this principle is 
the basis upon which the mechanical producers of elec- 
tricity —dynamos and magnetos—are made. 


On account of the very general use of multi-cylinder engines 
for automobiles, a strong impetus has been given to the employ- 
ment of mechanical generators. When the current is generated 
by such means, it is not necessary to be economical in its use, as 
the energy absorbed for ignition by a generator is very small. 
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Answers Relating to Dynamos and Magnetos 


Ques. How does a dynamo differ from a magneto? 


Ans. Chiefly in that the dynamo has field magnets 
of soft iron or mild steel, wound with wire through which 
circulates the whole, or a portion of the current generated 
by the machine; a magneto, on the other hand, has field 
magnets constructed of steel and permanently magnetized. 


The circuit diagrams, figs. 57 and 58, illustrate this difference. 
In the dynamo the field magnets FF are magnetized by means 
of a small current flowing around a shunt circuit; that is, a certain 
amount of current is taken from the system and used to mag- 
netize the field. The remainder of the current generated is used 
in the outside circuit. 


Ques. What is the action of the field magnets of a dynamo? 


Ans. ‘They increase in strength as the current which 
passes around them increases. Moreover, as the magnetic 
strength increases, the voltage of the generated current 
also becomes stronger. 


It is evident, then, that a dynamo is not self-regulating, and 
if run at too high speed is liable to overheat or even burn out in 
its effort to furnish a current beyond its capabilities. On account 
of this faculty of automatically strengthening its own fields, 
it is necessary that a dynamo be driven at an approximately 

_ uniform speed, independent of the speed of the engine, hence, 
- a governor is necessary. 


hag Describe the drive for a SA 
Man subs: 
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This friction wheel is small enough to run the dynamo 
at full speed when the engine is turned slowly, as in crank- 
ing. When the engine speed increases, the governor acts, 
and maintains the speed of the dynamo unchanged. 


Ques. How is a dynamo generally used? 


Ans. In connection with a storage battery, the current 
for ignition being supplied by the battery, which, in turn, 
is constantly charged by the dynamo to replace the energy 
drawn from the battery. An automatic cut out is used, 
which disconnects the dynamo from the battery when the 
engine stops. This prevents the battery discharging through 
the engine. 


Ques. How are magnetos classified? 


Ans. ‘They may be divided, with respect to the manner 
in which the current is generated, into two types: 1, those 
having rotating armatures, and 2, those having stationary 
armatures with revolving inductors. Magnetos may be 
further divided with respect to the kind of current generated, 
into two classes: 1, low tension, and 2, high tension. The 
latter class may be sub-divided into: 1, true high tension, 
2, high tension with self-contained coil, and 3, high tension 
with separate coil. ‘The last two types are, strictly speak- 
ing, nut high tension magnetos. Another class comprises 
-the inductor magnetos. 


Ques. Describe an inductor magneto. 


Ans. In this type the armature is fixed so that it does 
not revolve, and is located with the sector shaped heads 
of the core at right angles to the line joining the field poles. 
This position of the core furnishes the. least magnetically 
conducting path. An annular space between the armature 
and the field poles is provided for the rotation of an inductor. 
“his consists of two diametrically opposite cylindrical 
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PLATE—LOZIER IGNITION SYSTEM WIRING DIAGRAM. 


How to time the magneto.—Fasten the magneto on the base provided for it, with the driv- 
ing coupling on the magneto drive shaft loose, then proceed as follows: 


Open the pet cocks and drop through the one on cylinder No. 1 (front), a piece of stiff, 
straight wire about twelve inches long; the lower or inner end of this wire or rod should rest 
on the top of the piston. Turn the engine with hand crank thus pushing the rod upward through 
the pet cock until slightly before it reaches its highest point during the compression stroke in 
No. 1 cylinder. (The piston, position of which is indicated by the wire, should be not more . 
then 3% inch and not less than 14g inch from top dead-center on its upward stroke.) 


Now move magneto timing lever on interrupter housing to full retard position—that 
is as far downward as it will go. Swing the spring holding the interrupter housing cover in 
place to one side and lift off cover. Spread the distributer plate holding springs and lift off 
the plate, then turn the magneto armature toward the engine until the distributer carbon 
brash begins to point toward the lower right hand corner of the magneto. Continue to turn 
the armature in the same direction—very slowly—until it is seen that the platinum contacts 
in the interrupter are in the act of breaking. 

With the magneto armature and the engine crank shaft retained absolutely in the posi- 
tions described, the magneto should be coupled to its drive shaft and connections made secure. 
Return interrupter housing cover and spring to place and replace distributer plate. 


Connect the terminal post in the lower right hand quarter of the distributer plate with 
the spark plug in cylinder No. 1; connect the terminal post in the lower left hand quarter of, 
the distributer plate with the spark plug in cylinder No. 3; connect the terminal post in the 
upper left hand quarter of the distributer plate with the spark plug in cylinder No. 4; con- 
nect the terminal post in the upper right hand quarter of the distributer plate with the spark 
plug in cylinder No. 2. 

Connect the terminal marked ‘‘M-1’’ on interrupter housing cover with the post marked 
“‘Magneto 1” on the connection plate of the coil and switch; connect the terminal marked 
““M-2” on the interrupter housing cover with the post marked “‘Magneto 2” on the con- 
nection plate of the coil and switch. Connect the terminal on the switch connection plate 
marked ‘‘-+ Battery’’ with the positive pole of the battery; connect the terminal on the 
switch connection plate marked ‘‘— Battery” with the negative pole of the battery. 
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PLATE—LOZIER IGNITION SYSTEM—Text continued 


The greatest care must be exercised to avoid misconnections or incorrect connections and to pre 
vent grounding at any point. : 

Remove rod from pet cock and close pet cocks. ; : t 

Join ‘timing lever ‘on interrupter housing with steering gear connections and make any 
adjustments which may be necessary in order to have this lever at its lowest point when the 
spark control lever on the steering gear is at the bottom of the quadrant. ; 

This ‘completes the timing of the magneto. If spark do not occur at proper time go over 
the instructions again varying the setting a trifle if necessary, by joining the couplings on the 
magneto shaft slightly forward or backward. 


Magneto Connections —The distributer terminal in lower left hand corner of distributer plate 
should preferably be connected to the spark plug of cylinder No. 1, and the distributer terminal 
with which ‘contact will next be made should be connected to ihe next cylinder to fire; the remain- 
ing cylinders are to be connected according to the firing order, and it must be borne in mind that 
the distributer rotates in.the direction opposite to armature. Z 

The connection to the No. 1 cylinder may be changed at the will of the operator provided 
the subsequent terminals in the direction of rotation are connected according to firing order: 
1-3-4-2. } 


Care and Maintenance.—The magneto bearings should receive not more than five drops 
of good machine oil for every five hundred miles, and it should be remembered that over 
lubrication is to be guarded against.’ The oil holes are located at the top of the distributer 
plate and at the front end of the instrument. 

The interrupter does not require lubrication, and as oil on the platinum points will result 
in their burning or-pitting, and also in mis-firing, these parts are to be kept free from oil. 
The distributer should be removed occasionally and the segments wiped clean to rid them 
of any carbon dust that may collect. The contact breaker must not be lubricated. 

’. The interrupter may be exposed for inspection by removing the interrupter housing cover, 
which is’secured by a holding spring. For closer inspection, cleaning or replacing of platinum 
screws, the interrupter housing may be removed. ‘The withdrawal of the long hexagon headed 
bolt which passes through the center of the interrupter will permit the interrupter to be lifted 
off complete. Dirt and oil may be removed from the interrupter by brushing with gasoline. 
In returning the interrupter to position, great care should be taken to register its key with 
the kereay in the shaft and care should also be exercised in replacing the interrupter housing 
properly. 

The platinum points should be so adjusted that they are separated by a distance of 4 mm., 
or .015’’ when the lever is resting on one of the segments. To make this adjustment, the 
lock nut on the outer end of the long platinum screw is loosened and the screw itself is turned 
by means of the hexagon nut at the platinum poiat. The strip of steel pivoted to the magneto 
adjusting wrench is the gauge for this distance. : : 


Timing the Spark.—The time at which spark occurs in cylinder, relative to travel of piston, 
ts controlled by the interrupter at rear end of the magneto armature. 

By means of rods and levers connected with the magneto interrupter, the ignition lever 
on top of steering wheel retards or advances the action of the interrupter and consequently 
retards or advances the time of the spark. 

Although combustion of gasoline vapor under compression in any cylinder occurs rapidly, 
at the same time it is notinstantaneous, There isa certain point in the travel of the piston, rela- 
tive to the engine speed, at which the occurrence of the spark will give the maximum efficiency. 

Ordinarily, the spark occurs, and the combustion of the gasoline vapor begins, just before 
the piston reaches the highest point of its stroke. If, however, the spark be too far advanced 
for any given engine speed, the maximum effect of the combustion is exerted so long before 
piston reaches highest point of its stroke that there is a tendency for the engine to run backwards. 

If the engine be running fast enough, the tendency is overcome by the momentum of the 
flywheel. If, on account of the engine running at low speeds the momentum of the flywheel 
be not sufficient, there will be a tendency for the car to run with a jerky motion, and engine 
may be “‘stalled.”’ 

_ This premature ignition is likely to occur if the engine be cranked with the ignition lever 
in a_too far advanced position. In such case, the starting crank will kick backwards, with 
possible injury to.the operator. _ 

Never crank an engine unless the ignition lever is retarded as far as possible. Wea 

The spark is fully ratarded when the ignition lever on steering wheel is at the top position. 

If the ignition lever be too far retarded for the speed of the engine, the maximum effect of 
the combustion is exerted so long after the piston has passed its highest point that some of 
the energy is wasted, and, not being converted into mechanical work, remains in the cylinder 
as heat, tending to over heat the engine. In ordinary driving, have the ignition lever as far 
advanced as possible without causing the engine to knock. See 
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segments of soft iron, supported and carried by a shaft 
located at the center of the circle described by the segments. 


The magnetic condition of the armature core depends entirely 
upon the position of the inductor. The latter is arranged: 1, to 
revolve continuously with a gear drive from the engine, or 2, to 
rotate to and fro through a small are by link connection to the 
cam shalt. 


Ques.. Describe a low tension magneto. 


Ans. A low tension magneto has an armature winding, 
consisting of about 150 to 200 turns of fairly thick wire, 
covered with a double layer of insulating material. One 
end of the winding is grounded to the armature core and the 
other brought to a single insulated terminal.. When this 
terminal is connected to any metal part of the magneto 
or engine (since the latter is in metallic contact with the 
base of the magneto), the circuit is complete. The wiring, 
therefore, is very simple, which is one of the advantages 
of the system. The “live end” of the armature winding 
is brought out by means of a metallic rod passing length- 
ways through the shaft of the armature;a hard rubber 
bushing is provided as insulation between the shaft and 
the rod. ‘The live end of the winding is located at one end 
of the armature shaft, from which the current flows to an 
insulated terminal by means of a metal contact which is 
pressed against the revolving rod by a spring. 


Ques. How do high tension magnetos differ? 


Ans. They may be divided into three classes: the 
true high tension type in which the induction secondary 
wiring is wound directly in the armature, and the so-called 
high tension types in which the secondary coil is contained 
within the magneto, or in a separate box, usually placed on 


the dash. 
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Ques. How is the ignition current delivered to the various 
cylinders in proper order? 

Ans. This is accomplished by a self-contained timing 
device consisting of as many stationary contacts as there 
are cylinders, each connected by a cable to its cylinder 
spark plug. A rotary brush successively delivers current 
to each of these contacts. 
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Fig. 64.—Circuit diagram of a magneto with self contained coil. A is 
the armature winding; P, primary of transformer; S, secondary of transformer; 
D, distributing brush carrier; E, contact segments; F, safety spark gap; G, ter- 


minals to plugs; U, interrupter; Z spark plugs. The principles of operation 
are described in the text, 


Fig. 64 is a circuit diagram of a so called high tension 
magneto with a self-contained induction coil. A low tension 
current is generated in the winding A of the armature, which 
is rotated between two powerful and permanent magnets. 
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The current flowing from the armature is an alternating 
one having two points of maximum density in each armature 
revolution. 


In operation, as the current leaves the armature, it is offered 
two paths: 1, the shorter through the interrupter U to the ground, 
and 2, the longer through the primary P of the induction coil 
to the ground. A third path through the condenser K is only 
apparently available; it is obstructed by the refusal of the con- 
denser to permit the passage of the current, as the condenser will 
merely absorb a certain amount of current at the proper moment, 
that is at the instant of the opening of the interrupter. The inter- 
rupter being closed the greater part of the time, allows the primary 
current to avail itself of the short path it offers. 


At the instant at which the greatest current intensity exists 
in the armature, the interrupter is opened mechanically so that 
the primary current has no choice but must take the path through 
the primary P of the induction coil. A certain amount of current 
is at this instant also absorbed by the condenser K. ‘This sudden 
rush of current into the primary P of the induction coil, induces 
a high tension current in the secondary winding S of the coil 
which has sufficient pressure to bridge the air gap of the spark 
plug. 

The sharper the rush of current into the primary winding P, 
the more easily will the necessary intensity of current for a jump 
spark be induced in the secondary winding S. 


The distribution of the current in proper sequence to the 
various engine cylinders is accomplished as follows: the high 
tension current induced in the secondary § of the induction coil 
is delivered to a distributing brush carrier D that rotates in the 
magneto at half the speed of the crank shaft of the engine. This 
brush carrier slides over insulated metal segments K—there being 
one for éach cylinder. Each of these segments E connects with 
one of the terminal sockets that are connected by cable with the 
spark plugs as shown. At the instant of interruption of the pri- 
mary current, the distributing brush is in contact with one of the 
metal segments E and so completes a current to that spark plug 
connected with this segment. 


Should the circuit between the terminal G and its spark plug 
be broken, or the resistance of the spark plug be too great to per- 
mit a spark to jump, then the current might rise to an intensity 
sufficient to destroy the induction coil. To prevent this what is 
known as a safety spark gap is introduced, This will allow the 
current to rise only to a certain maximum, after which discharges 
will take place through this gap. In construction the spark dis- 
charges over this gap are visible through a small glass window 
conveniently located. 
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Ques. | What is a synchronous drive? 


Ans. For ignition purposes, magnetos are generally 
constructed to deliver an. alternating current, that is, a 
current consisting of a succession of regularly alternating 
electrical impulses, varying in intensity from a plus maxi- 
mum to a negative maximum, and separated by points of 
zero pressure depending upon the armature position with 
respect to the field. Hence, it is necessary that the generator, 
unless geared to run at high speed, should be driven synchro- 
nously, that is, at a speed ina definite rate to that of the 
engine, in order that the periods when a spark is desired 
shall coincide with the periods when sufficient voltage is 
being developed, as otherwise the sparking periods might 
occur with a zero point of electrical generation, and no 
spark would be produced. 


To meet these conditions, the drive must be positive and may 
consist of either toothed wheel gears or chain and sprocket; the 
former is more desirable, since, with a chain and sprocket drive, 
there is sufficient lost motion when the chain is loose enough for 
smooth running to prevent the accurate timing of the spark. 

The friction gear drive or belt and pulley are alike objection- 
able, from the fact that no slipping or variation is permissible. 
While some recent forms of high tension magneto are advertised 
to operate asynchronously, that is, not speeded in definite ratio 
to the engine, the common types are so made that the spark 
shall occur in the cylinder at precisely the moment the mag- 
neto armature is at a certain point in its rotation. If therefore 
this condition be not strictly observed, the spark will be of defective 
intensity. 


Ques. Name two ignition systems in general use. 

Ans. ‘The low tension or make and break, and the 
high tension or jump spark. 

Ques. What are the characteristic features of these systems? 


Ans. The low tension system is electrically \ simple 
and mechanically complex, while the high tension system 
‘s electrically complicated and mechanically simple. 
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Answers Relating to Low Tension, or Make and 


Break Ignition 


Ques. Describe a low tension system. 


Ans. In this system there is a device known as an 


igniter, placed in the combustion space of the engine cyl- 
inder. This consists of two electrodes, one of which is 
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Fig. 65.—Diagram of a low tension magneto showing wiring and connec: 
tions with engine. The low tension current generated in the armature is trans- 
formed into high tension current by means of a secondary coil. The current 
reaches a maximum twice during each revolution of the armature, hence with 
a four point distributing switch the armature makes two revolutions to one of 
the switch. At the points of maximum intensity of the armature current, the 
primary circuit is broken by the interrupter, and the current rapidly falls, induc- 
ing a high tension current in the secondary winding of the coil, thus producing 


the spark. 
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stationary and the other movable. The stationary elec- 
trode is insulated, while the other, having an arm within 
the cylinder and placed conveniently near, is capable of 
being moved from the outside so that the arm may come 
in contact with the stationary electrode and be separated 
from the latter with great rapidity. The circuit includes 
a primary induction coil. Current may be derived from 
either a primary Polina storage battery, or low tension 
magneto. 


Ques. How is the spark produced in the low tension system? 

Ans. ‘The sudden breaking of the circuit by the quick 
separation of the electrodes produces an electric are or 
primary spark caused by the inductance—that is, by the 
“inertia”? or tendency of the current to continue flowing 
after the separation of the contact points. 


Ques. What is the object of the primary induction coil? 
Ans. ‘To intensify the spark. 

When a magneto is used, a coil is not necessary, as the arma- 
ture winding serves the same purpose. A magneto furnishing 


either direct or alternating current may be used; the voltage will 
depend on the armature speed and the strength of the magnets. 


Ques. What is used for the contact points of the electrodes? 
Ans. Iridium or platinum, as these metals resist the 
oxidizing effect of electricity and heat better than others. 


Ques. What is the action of the current in low tension ignition? 

Ans. <A considerable interval of time is required for 
the current to rise to its full value, and the time of separa- 
tion of the electrodes should not be sooner than the moment 
when the maximum current strength has been attained. 
When a magneto is used, the current strength increases 
with the speed, hence the contact interval can be shorter 
at high speeds than when a battery is used. 
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_ Ques. Describe the action and construction of a primary induc- 
tion coil. 


Ans. When an electric current flows along a coiled 
conductor, a counter current is induced, which opposes 
any rapid change in the current strength. This principle 
is employed in low tension ignition to intensify the spark 
when a battery forms the current source. The device 
which accomplishes this effect is called a primary induction 
coil because its action is confined to a primary current. 
It consists of a long iron core wound with a considerable 
length of low resistance copper wire, the length of the core 
and the number of turns of the insulated winding deter- 
mining the efficiency. The current passing through the 
winding magnetizes the soft iron, and a self-induced cur- 
rent is generated. As soon as the circuit is broken, the 
magnetic reactance tends to continue the flow of current, 
despite the break in the circuit, and occasions a spark of 
great heat and brilliancy. The spark occurs at the moment 
of breaking the circuit, not at the moment of making. 


Ques. Name the elements of a low tension circuit. 


Ans. ‘The elements which compose a low tension or 
make and break circuit are as follows: 1, a source of current 
supply consisting of either a primary battery, accumulator, 
or low tension magneto, 2, a primary induction coil when a 
battery is used, 3, an igniter, 4, a switch for breaking the 
circuit, and an additional switch to alternate between the 
battery and the magneto when both means of furnishing 
the current are provided, and 5, connecting wires. 


Fig. 66 shows a low tension system of a two cylinder engine 
having all the above elements. Two sources of current supply 
are provided: a dry battery and a magneto. One terminal of 
both the battery and magneto is grounded; the other terminal 
of the magneto M is connected to the point S of a three-way switcil. 

The cells comprising the battery J are connected in seriey 
and one of the terminals is connected to a pvrimary induction 
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coil K and thence to the point T of a three-way switch. By mov- 
ing the arm of this switch to the right or left, current may be had 
from the battery or magneto, respectively. 


A conductor C connects the third point of the switch to the 
stationary or insulated electrode of each igniter, a single throw 
switch being placed at each igniter, which allows either or both 
cylinders to be thrown out of the circuit at will. 


The movable electrodes and metal of the engine furnish 
the ground return to the battery and magneto. 


On a multi-cylinder engine it is evident that no other con- 
tact can be made at the moment of break in one cylinder since 


MAGNETO 


SAGE Ray 


Fig. 66.—A low tension or make and break ignition system. In op- 
eration, as the nose of the cam G passes rod F, the latter suddenly drops 
by the action of spring H. ‘The head of the rod, which bas been taised by 
the cam somewhat above the arm of D, will, in its descent, strike D a blow 
which abruptly breaks contact ‘between D and B, thus producing a spark. 
When not acted upon by the head of the rod I, D is held in contact with B 
by the spring KE. ‘The system is explained in detail in the text. 


the current would then flow through any other igniter that might 
be in contact instead of producing a spark at the break. 


The operation of the make and break system is as follows: 
Starting, say, on the battery, the arm of the three-way switch 
is turned upon point T. The movable electrode D of the first 
cylinder being. in contact with the insulated electrode B by the 
spring E, the current will flow from the battery J through the coil 
K, thence through the three-way switch and the single throw 
switch to the insulated electrode B. The movable electrode D 
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being in contact with the insulated electrode B, the current returns 
to the battery through D and the metal of the engine, thus com- 
pleting the circuit. 

As the cam G revolves in the direction indicated by the arrow, 
the rod F rises, which allows spring E to bring the movable elec- 
trode D into contact with the insulated electrode B, thus com- 
pleting the circuit previously described:.- When the nose of cam 
G passes from under the lower end of F, the latter drops with great 
rapidity by the action of the spring H, and in so doing a shoulder 
at the upper end of F strikes the external arm of Da blow, causing 
the contact point of D to be snapped apart from B. This cycle 
of operations is repeated by the ignition mechanism of each cylinder 
in rotation. 

At the instant the circuit is broken by the separation of the 
contact points, the counter current induced in the coil K, opposes 
any rapid change in the current strength, hence, the current con- 
tinues to flow momentarily after the circuit is broken, resulting 
in a primary spark. The action is tne same as though the current 
possessed the property of “inertia,” that is, time and resistance, 
both are necessary to bring it to a state of rest. This inertia 
effect is intensified by the action of the induction coil. When a 
magneto is used, the armature windings serve the same purpose. 

The timing of the spark is accomplished by the adjustable 
guides I, which serve to vary the horizontal position of the lower 
ends of the rods F and thus vary the instant at which their ends 
pass the nose of each cam. 


Ques. In low tension ignition, what is necessary in order to pro- 
duce a good spark? 

Ans. The “‘break’’ or separation of the contact points of 
the igniter should take place with extreme rapidity, that is, 
the spring H (fig. 66) should be sufficiently strong to cause 
the shoulder or rod F, when it falls, to strike the igniter 
arm a decided blow, thus quickly snapping apart the con- 
tact points. 


Ques. What is the disadvantage of low tension ignition? 
Ans. ‘The mechanical complication necessary to operate 


the igniter. 


Ques. How has this been overcome? 


Ans. A method has been devised for operating the elec- 
trodes of the igniter by magnetism. ‘This is accomplished 
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a swinging lever G, which lever pivots on the projection H which is a part of 


contact piece E, 


by a device known as a magnetic spark plug, illustrated 
in fig. 67. A list of the parts is given under the figure. 


The operation of the plug is as follows: When the timing 
device on the low tension magneto forms a contact for giving e 
spark to any cylinder, the circuit through the plug is through 
terminal B, (fig. 67) and the coil A, thence through C and back to 
the engine. - 
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The completion of this circuit energizes the core F’ whic! 
tends to pull the upper end M of the eve G towards the fe 
but it is protected from contact with the core by the non-magnetic 
brass plug N. The pulling of the upper end of the lever G to the 
Tight carries the lower end to the left, separating it from the sta- 
tionary contact E, thereby breaking the circuit. Immediately 
the circuit is broken, the coil A surrenders its electro-magnetic 
power, the core F is demagnetized and the end of the hair pin 
spring L forces the lower end of the lever G to the right, the 
spring L exerting its pressure beneath the fulcrum H, thus bringing 
the contacts D and E together. 


Fig. 68.—Wiring diagram of a low tension system with magnetic spark 
plugs. A portion of the wiring of the magneto armature is short circuited by 
the platinum points of the interrupter, and when the circuit is broken, the 
resulting armature reaction has the effect of raising the armature voltage 
sufficiently to operate the plugs. The spark is advanced or retarded by rotat- 
ing the timing lever, in the same manner as with a high tension magneto, and 
the timing range corresponds to an angle of 50 degrees on the armature 
shaft. The magneto is switched off in the same manner as a high tension 
magneto, by making a ground connection. This is done by small plug 
switches with either a single plug or with a number of plugs equal to the 
number of cylinders, to enable each cylinder to be switched out separately 
for testing purposes, from the seat while the car is in motion. 


At the bottom of the contact piece there is an insulated 
fixed stem which is magnetically divided near the middle by means 
of a brass part, so that when the current passes through the coil 
A, only the portion of the stem above the brass part can be mag- 
netized and, as a result of this magnetization, the upper end M 
of the interrupter lever G, which directly faces the magnetized 
part, is attracted, the lower end D simultaneously breaking contact 
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with the contact piece E, thus interrupting the current and 
producing a spark. In the normal position of the interrupter 
lever G, the lower end presses against the contact piece E, being 
kept in that position by the horseshoe-shaped spring K, which 
passes right over the top ot the stem and lies in the slots in the 
sides. 

The top of the coil is fitted with a terminal screw. to which 
the current from the magneto is led. Current may also be taken 
from a primary or secondary battery. In this case a timer in 
the engine is necessary to distribute the current to the cylinders 
in proper sequence. 


Figs. 69 and 70,.—A low tension ignition system with an inductor magneto 
of the oscillating type. The inductor E is rotated to and fro by means of a 
link R, one end of which is attached to the inductor crank, and the other to 
the igniter cam C, Two views are ‘shown: immediately before and after 
sparking. S is the grounded electrode of the igniter; T an adjustable hammer 
which is secured in position by a lock nut N. : 


Ques. Describe the method of using an inductor magneto tor 
ignition, -— 

Ans. In this system of low tension ignition the inductor | 
magneto, having a stationary armature and a rotating 
inductor, as before described, is arranged to either revolve 


IGNITION 159 


continuously or to oscillate through a small arc. An 
example of the latter type is shown in figs. oy and 70, which 
illustrates the Simms-Bosch system. 


In the figures, the mechanism is shown in two positions— 
immediately before and after sparking. The cam which operates 
the make and break igniter has a link connection to the inductor 
crank of the magneto, which gives an oscillating motion to the 
inductor. The connection is such that at the instant of “break” 
the inductor cuts through the greatest number of magnetic lines, 


The cam C, on the half time shaft, makes a contact just before 
sparking, and immediately breaks it again by permitting the 
hammer T to fallonthecam$S. A spark is produced at the instant 
of break of contact at N. 


The winding of the armature A has one end grounded through 
the base of the magneto, the current returning through the engine 
to the point S_ the other end of the winding is led through an insu-- 
lated post to the nut N by which it isconnected with a stud brought 
through the cylinder wall, where a wiper, indicated by dotted 
outline, normally rests against it by means of a spring. 


Answers Relating to High Tension, or 
“Jump Spark’’ Ignition 


Ques. What device is used to obtain a spark in high tension 
' ignition, and what is its construction? 

Ans. A spark plug. This consists of two stationary 
electrodes, one of which is grounded to the engine cylinder 
and the other insulated. The points of the electrodes 
are permanently separated from each other by about 5 
of an inch, the space between the points being known as 
an air gap. ‘This space offers so much resistance to the flow 
of the electric current that a very high pressure is required 
to cause the current to burst through the air gap and pro- 
duce a spark, hence the term “high tension ignition.” Since 
the spark jumps from one electrode to the other, this method 
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of igniting the charge is also known as the jump spark system. -— 
The spark itself is properly described by the prefix, high 
tension or secondary. 


Ques. In the production of the high tension spark, what. two 
distinct circuits are necessary? 


Ans. A low tension or primary circuit, and a high tension 
or secondary circuit. 


C' cz cs Ce 


Fg. 71.—Circuit diagram of the Eisemann magneto. A, armature; C, 
interrupter; Cl, C2, C3, C4, high tension leads to cylinders; D, high tension 
distributer disc; D1, D2, D3, D4, distributer wipe contacts; G, secondary 
ground on metal of engine; K, condenser; M, permanent magnets; N, gear 
on distributer shaft; P, P, primary circuit of induction coil; Pl, P2, wipe 
contact on distributer rings of primary circuit; S, S, secondary circuit: : 
bell crank for timing; T1, spool in which bell crank works; T2, slotted sleeve 
on driven shaft; W, gear on driven shaft. 


Ques. What names are given to the two circuits in high tension 
ignition? 

Ans. The current which flows through the low tension 
circuit is called the primary current, and that which it induces 
in the high tension circuit, the secondary current. 


Ques. How is the high voltage necessary to produce a secondary 
spark obtained ? 

Ans. A device known as a secondary induction coil is 
used, which transforms the primary current of low voltage 
and high amperage into a secondary current of high voltage 
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and low amperage, that is, the quantity of the current is 
decreased and its pressure increased. 


Ques. What are the general principles upon which high tension 
or jump spark ignition is based? 

Ans. An automatic device is placed in the primary 
circuit, which closes and opens it at the time a spark is 


Fig. 72.—The Eisemann magneto with coil in a separate box. Five 
terminals are shown in the end view; the central one is connected to the 
coil and the other four to the spark plugs. The two views show the parts 
as follows: A, cam nut; B, steel contact for high tension distributer; C, platinum 
contact for make and break lever; D, high tension distributer cover; E, nut 
for adjustable contact screw; F, spring for make and break lever; G, carbon 
contact for high tension distributer; H, make and break lever; I, low tension 
carbon brush; K, adjustable platinum contact screw; L, grease box for 
large toothed wheel; M, nut; N, cam; O, cable joints; P, distributer plate; Q, 
metal contact; S, screw for spring for make and break lever; V, high tetision 
distributing switch. 


required. When the circuit is closed, the primary current 
flows through the primary winding of the coil and causes a 
secondary current to be induced in the secondary winding. 

A spark plug being included in the secondary circuit, opposes 


a ___AUDELS ANSWERS _ 


the flow of the current by the high resistance of its air gap. 
Since the pressure of the secondary current is sufficient to 
overcome this resistance, it flows or “jumps’’ across the 
gap, and in so doing, intense heat is produced, resw ting 
in a spark. 

Qiies. Describe another method of working the primary circuit 
to produce a spark. 

Ans; Sometimes the spark is obtained by kéeping the 
primary circuit closed except during the brief interval 
necessary for the passage of the spark at the plug points. 
A secondary spark, then, may be produced, by either open 
or closed circuit working, that is, the primary circuit may be 
kept either opened or closed during the intervals between 
sparks. 


Ques. What is a contact maker? 


Ans. <A device which momentarily closes and breaks 
the circuit at the time of the spark. 


Ques. What is a contact breaker? 


Ans. <A device which keeps the circuit closed except 
at the time of the spark. 


Ques. Where is a contact breaker used to advantage? 

Ans. On small engines, run at very high speed, 4s it 
allows time for the magnetism or magnetic flux in the core 
of the coil to attain a density sufficient to produce a good 
spark. 


Ques. What is a timer? 
Ans. A device which controls the primary current only. 


Ques. What is a distributer? 
_ Ans. A timing device which. controls both the primary 
and.secondary. cuirrentie. gist, LOLS ae gee eae ee 


= 
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The word distributer is also applied to the revolving switch 
of a magneto which switches the current to the various cylinders 
in proper sequence; strictly speaking, however, a distributer is a 
device, which controls both the primary and secondary currents as 
previously defined. 


Ques. What is an interrupter? 


ns. A contaet breaker on a magneto, which breaks 
the primary circuit at the time a spark is required. 


Answers Relating to Secondary Induction Coils 


Ques. What is a secondary induction coil? 

Ans. A device used to obtain the high voltage neces- 
sary to produce a secondary spark; it transforms the primary 
low tension current into a secondary high tension current. 


Ques. What two types of secondary coil? 
Ans. ‘The plain or single spark coil, and the vibrator 
coil. 


Ques. Of what does a plain coil consist? 
Ans. It consists of: 1, an iron core, 2, a primary wind- 
ing, and 3, a secondary winding. 


The core of the coil consists of a bundle of soft iron wires, 
about six or seven inches long and in sufficient number to make 
the. diameter of the core about (uree quarters of an ineh. The 
reason that the bundle of wires is used for the core instead of a 
solid sod, ig that the wire core can be more rapidly magnetized 
and demagnetized. The core is covered with an insulation of 
paper, yuléanite, om athe material, around whigh ig wound the 
primary coil, which consists of two or three layers of coarse insu- 
lated wire. 4 

Sometimes a light insulation is placed over the primary wind- 
ing, around which is wound the secondary coil consisting of from 
ten thousand to fifteen thousand turns of very fine wire, insu- 
lated by:a silk covering. It is psual to place between each layer 
afi the secondazy winding a layex of paraffiined papes. This 
insures insulation. VAIS ASK i ‘hela 
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The coil is placed in a neat and substantial box and the ter- 
minals of the windings are connected to binding posts placed on 
the outside. 


Ques. Explain the operation of a plain coil. 


Ans. When an electric current is passed through the 


primary winding, it magnetizes the core thus producing 
a magnetic field in the surrounding space. Any increase 


or 
cur 


decrease of current in the primary winding induces a 
rent in the secondary winding: this induced current 


lasts only during the time of increase or decrease of the 
primary current. 


Now the pressure of the current induced in the secondary 
circuit depends upon the ratio between the number of turns of 
the two windings, upon the sizes of wires used, and also upon the 
rate of variation of the current strength in the primary circuit. 
For instance, if the primary winding contain one hundred turns, 
and the secondary ten thousand turns, the voltage of the sec- 
ondary circuit will be nearly one hundred times that of the primary. 


In a plain coil, the primary current is made and broken 
once for each spark by a timing device on the engine. At every 
“make’’ the field of force of each turn in the coil grows rapidly 
and cuts the neighboring turns, introducing an electromotive 
force that opposes the increase of the current. On the other 
hand, at every “break,” the primary field rapidly vanishes, the 
lines again cutting the turns, but in a manner that tends to oppose 
the decrease of the current. This opposition to any rapid change 
in the current strength is called self-induction. The current 
which produces the spark occurs at the time of break, and since 
the strength of this current depends upon the rapidity with which 
the strength of the primary current falls, a timing device is used, 
which is so constructed that the hreak will occur very abruptly. 


Ques. How does a vibrator coil differ from a plain coil? 


Ans. It gives a series of sparks for each ignition instead 


of only one. 


The view has been held by some that a series of sparks occur- 
ring with great rapidity is more effective for ignition than the 
single spark produced by the plain coil. This led to the develop- 
ment and use of the vibrator coil, though opinion differs as to the 
relative merits of the two systems. awe 
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Ques. What is the construction of a vibrator coil? 


Ans. A vibrator coil contains, in addition to the two 
windings of the plain coil, a magnetic vibrator and a con- 
denser. 


Ques. What is the object, and construction of the vibrator? 


Ans. To rapidly make and break the primary circuit 
during the time in which the battery is switched into the 
circuit by the timer. It consists of a flat steel spring secured 
at one end with the other free to vibrate. Ata point about 
midway between its ends, contact is made with the point of 
an adjusting screw, from which it springs away and returns 
in vibrating. The points of contact of blade and screw 
are tipped with platinum. One wire of the primary circuit 
is connected to the blade and the other to the screw, hence, 
the circuit is made when the blade is in contact with the 
screw and broken when it springs away. 


Ques. What is the office of the condenser? 


Ans. A condenser is used to absorb the self-induced 
current of the primary winding and thus prevent it opposing 


the rapid fall of the primary current. 

Every conductor of electricity forms a condenser, and its 
capacity for absorbing a charge depends upon the extent of its 
surface. Hence, a condenser is constructed of conductive mate- 
rial so arranged as to present the greatest surface for a given amount 
of material. The usual form of condenser for induction coils is 


composed of a number of layers of tin foil separated by paraffin 
paper, each alternate layer being connected at the ends. 


Fig. 73 isa diagram of a vibrator coil, CC represents the core 
composed of soft iron wires. PP is the primary winding, 
and SS the secondary. There is no connection between 
these windings, and they are carefully insulated. Y is 
the vibrator, and D the center about which Y vibrates. 
There is a switch used for opening and closing the primary 
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circuit; B is a hattery of five cells. The point of the adjust- 
ing screw A rests against a platinum point R, soldered 
upon the. vibrator. 


If the switch W be closed, the electric current generated by 
the battery B, will flow through the primary winding. This wiil 
cause the care, CC to, become magnetized, and the vibrator VY will 
at once be drawn towards it. This will break the connection at 
R. The core, being made of soft iron, immediately upon’ the 


PRIMARY. 


, ae i) Tata: 
CONDENSER 

Fig. 73.—Diagram of a vibrator coil. ‘he parts are as follows: A, 
contact scréw; B, battery; C, core; D, vibrator terminal; G, condenser; P, 
primary winding; §, secondary ice W, switch; Y, vibrator. When 
the switah is closed, the, following evgle olackipns takes wacey & the primary 
ceirent Ho s, ayd, magnetizes core, 2, m tized Sara ot at tS Fistor 
atid breaks primary circuit, 8, the Siiagnetigndvanishers nducij ck sterett itary 
‘ high tension ¢trtent im the secondaty’ wiiiding, 4) magietle attraction of 
the SANs Hay as ceased, Haaren spring se-establish¢s contact, and 5, primary 

GETS", 18) ARH, CoMPlpted and the cycle basins anew. 


interruption of the current, will again lose its magnetism, and the 


vibrator will return te its original position. This again c the 

aout? Nabece a Tine Oo Sift of Witiats Br i: Rampart is 

tepaaied with gsyeat rapidity) so long ag the Switch, Wo remains 

closed, 

Ques. State, the cycle, of operations of a vibtator: coil 

Ans. The savera) operations comprising the eysle are | 
briefly: ag follows: 5, a primyany ecprrent flows and magnetizes 


‘the dore, 3, thé niagiietized core attracts te ‘viltator 
which breaks the primary circuit, 3, the core losés its 
magnetism and the vibrator springs back to its “étitinal 
‘position, and 4, the vibrator, by returiting to its ‘Grigttal 
position, ‘closes ‘the primary circuit and ‘the cycle beBiris 
‘Again. 


Ques, What is the important requirement in the operation of a 
vibrator coil? 


Ans. The “break” miist occur with ‘great rapidity. 


g. 74.—A hammer vibrator. When sey ai govasd gagion of the 
prihe nh Se: carries the armature A, holds the p aD 
aad calises 4 e, upper dea c to leave t e stiguTet sof ny fs 5 
and jrest -agai the Hedvy, brass |platé above it. Mihety ‘gma on 
attracts + the armature, A, “the ares terisfon jon the tipper coke 
‘causés ‘the lati to follow pe atiire down, Holdifig the platittunt Hints 
in cofitact, until the eld o ulpper spring 1 strikes Ne lower suflder 


“Of the adjustin screv; D w pees fives it a ‘ ‘hainmer break.’ The adjitsting 
screw is held firmly in position by a bronze Spiral spring under shoulder D. 


In ordér to render the break As ‘suddeh an VOSSibIe, different 
expedients have been resortéd to, many tend i to mi “ive the 
miechanigin mote complicated, yet having swfidierit merit sually 
td warrant their adoption. 


Ques. How is the break sometimes made more abrupt? 


Ans, Sone Vibrators have twd moving parts, ore of 
Which is attracted by the magnetic coré of the coil and 
nieved 'a certain distanee before thé break is effected. A 
Vibrator Of this type is shown in fig: 74; ‘amd described 
under the illustration. 
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Ques. Give some general instructions for adjusting a plain 
vibrator? 


Ans. The following adjustments should be made: 1, 
the contact adjusting screw is first removed entirely, 2, 
the contact points made flat and cleaned bright, 3, the 
vibrator spring adjusted so that the hammer or piece of 
iron on the end of the vibrator spring stands normally about 


Figs. 75 to 89.—Wiring diagrams showing connections of some standard 
spark coils. Key: B, to battery; C, to commutator or timer; G, to ground 
(engine frame); P, to plug; S, to switch; 1, six terminal standard non-vibrator 
coil; 2, three terminal standard vibrator coil; 3 and 4, four terminal standard 
vibrator coils; 5, standard double vibrator coil; 6, standard triple vibrator 
coil; 7, standard quadruple vibrator coil; 8, single dash coil; 9, single dash coil 
with switch; 10, double dash coil; 11, double dash coil with switch; 12, triple 
dash gon 13, triple dash coil with switch; 14, quadruple dash coil; 15, sextuple 
dash coil, 


one-sixteenth of an inch from the end of the coil, 4, the 
contact screw adjusted until it just touches the platinum 
contact on the vibrator spring. The engine is now started, 
and if it should miss, the contact screw should be tightened a 


trifle, a very little at a time, until the engine will run with- 
out missing. 
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In adjusting the vibrator, the coil ought not to use over one- 
half ampere of current. 


Most spark coils have terminals marked “battery,” “ground,” 
etc., and to short circuit the timer for the purpose of testing 
the vibrator it is only necessary to bridge with a screw driver 
from the “battery”’ binding post to the ‘‘ground”’ binding post. 


A half turn of the adjusting screw on a coil will often increase 
the strength of the current four or five times the original amount, 
hence the necessity of carefully adjusting the vibrator. When 
the adjustment is not properly made, it causes: 1, short life of the 
battery, 2, burned contact points, and 3, poor running of the engine. 


Ques. On what should the number of cells in an ignition circuit 
- depend? : 

Ans. They should be proportioned to the design of 
the coil. If the coil be described by the maker as a 4-volt 
coil, it should be worked by two cells of a storage battery 
or four dry cells. The voltage of the latter will be some- 
what higher, but since their internal resistance is also greater, 
the current delivery will be about the same. Most coils 
are made to operate on from 4 to 6 volts. It is a mistake 
to use a higher voltage than that for which the coil is designed 
because it does not improve the spark, and the contact 
points of the vibrator will be burned more rapidly, more- 
over, the life of the battery will be shortened. 


In order that the spark may occur at the proper instant 
with respect to the crank position, there must be included 
in all high tension systems a device called a timer, for closing 
and opening the primary circuit. This causes an induced 
high tension current to flow at the instant the spark is 


required. 
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Answers Relatiné té Timing Devices 


Qués. Describe a timer. 

Ans. <A timér is a revolving switeh Which Closes and 
opens the primary circuit. It is operated by the engine, 
being geared to revolve at one-half the engine spsed in the 
case of a four-cycle engine, and at full engine speed fora 
two cycle engine. 

Ouies. What 4 te eonathiedioli of a HmNEF? 

Ans. Afi timers consist of a Stationary part and a tevolv- 
ing part or rotor. The fortier is uStialfy made of 4 ting 
of hard rubber, into the itinéer face of witteh is fét Comtact 
segments forming insulated ¢ontacts; dre of these is pro- 
vided for each cylinder of the éiigine. ‘The totér has an 
arm which makés coritact with all the insulated seemerits 
during ong revolution. A vertical shaft géared to the 
engine imparts motion, by direet cotihéction t6 the engine 
and forms, with the rotor arm, the ground connection of 
the primary circuit. The other wire of the primary circuit 
for each cylinder is connected to each stationary contact. 
Hente; during one revolution of the timer arm, the primary 
eitcuit is made and broken once for every cylinder in proper 
sequerice, 


‘Ques. How may the spark be adVaticed or tetatdéed? 


Ans. ‘he timer is so arranged that the time of engage- 
ment of the stationary contacts with the rotor may be 
varied with respect to the engine cycle. This is accom- 
plished by constructing the stationary part of the timer 
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so that it may rotate around the shaft through a small 
are, This is controlled by a lever on the steering column. 
Ques. What is a brush contact? 
Ans. A brush contact consists of a brass brush which 
bears upon a commutator containing a metal segment with 
which it makes contact as the commutator revolves. 


I) 


Fig. 90.—Sectional. view of the Pittsfield; timer. Contact is made by 
means of phosphor bronze springs | which revolve, on the timer shaft,and 
engage with stationary contacts set in the timer ring and insulated by hard 
rubber, A set-serew fittec to the lower end'of the revolying part allows it to 
be placed on: the timer shaft of any engine. 


Ques, What is.a_roller contact? 

Ans. A. roller contact consists. of a roller, attached to 
che end of an arm which is pivoted to the revolving part 
of the timer; at the other end is a spring whose tension 
causes the roller in revolving to bear firmly against the 
stationary segments. 
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Ques. What is a sliding contact? 


Ans. A sliding contact consists of a spring actuated 
device on a revolving arm, which rubs against stationary 
contacts. 


Among the special forms of timer is one with two sets of con- 
tact segments and contact brushes, forming practically a double 
timer on a single shaft and in a single casing. The object of this 
design is to use one set of segments for all ordinary engine speeds 
and the other for high speeds, and thus to obviate waste of current 
at low speeds. 

It is well known that, in order for the coil vibrator to operate 
properly at the highest speed of the engine, the timer segivents 


Fig. 91.—A contact maker and mechanical vibrator or trembler. The 
case A is usually attached to the gear box of the engine; B is the blade; C, a 
platinum contact point; D, an insulated adjusting screw; E, a bushing with 
insulation, F, the operating cam. As this cam revolves, the weight on the 
end of blade B drops into the Tecess on the cam, causing the blade to 


vibrate and make a number of contacts with D, thus producing a series of 
sparks when in operation, 


must be made to subtend a considerable are, usually forty-five 
degrees in a timer for a four cylinder engine. This is a larger 
arc of contact than is required for normal speed. Suppose, for 
instance, that it suffices for a speed of 1,400 revolutions per minute, 
then the length of contact at 700 revolutions, which would prob- 
ably correspond nearly to the average speed of the engine, would 
be two times as long as necessary, and there would be a corres- 
ponding waste of current. Hence, a variable contact arc is nec- 
essary for economy of current. 

As constructed, one set of segments gives a contact of 15° and 
the other 45°. Hither set may be brought into use by a switch 
having two positions, marked “touring”? and “speed,” the short 
segments being used for slow speed and the long segments for high 
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Ques. What is a mechanical vibrator or ‘‘trembler’’ ? 

Ans. A form of contact maker which makes, by mechan- 
ical means, several contacts in rapid succession for each 
ignition. 

Ques. Describe the construction of a mechanical vibrator? 


Ans. One form is shown in fig. 91. The case A is 
usually connected to the gear box of the engine. A flat 
steel spring, B, is attached to A. An insulated screw D, 
is so adjusted that it does not touch the platinum point, C, 
of the blade B, unless acted upon by the cam. As the cam 
F, revolves in the direction indicated by the arrow, it comes 
into contact with a metal nose attached to the end of the 
blade B. Shortly before the cam has arrived at the position 
shown in the figure, the pressure due to the action of the 
spring causes the nose to suddenly drop into the depression 
in the cam. Its momentum carries it past its normal 
position, and the point C makes contact with the insu- 
lated screw. ‘he metal nose, on account of its weight, 
will cause the blade B to vibrate, bringing the contact 
points together several times before the cam again engages 
the nose. 


Ques. How does a plain “contact maker”’ differ from a mechan- 
ical vibrator? 


Ans. In the plain form of contact maker, the circuit 
is closed and opened once only for each revolution of the 
cam, which in this case has a projection or nose on its cir- 
cumference instead of a sharp depression. This engages 
the contact blade and presses it against the insulated screw, 
thus closing the circuit. 


Ques. Describe a contact breaker? 


Ans. One form of contact breaker is shown in fig. 92. 
At the left of the figure is an insulated screw. One end 
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of a pivoted lever. is kept in contact with the screw by a 
spring, ag shown, except at, the time of the spark. A roller 
is attached, to, the. other end of the lever, directly below 
which is a cam. When the nose of the cam engages with 
the roller, the contact points quickly separate, thus break- 
ing the cireuit and producing a spark. 


Since the operation of a contact maker keeps the circuit closed 
for a short interval only, it has been found necessary, with some 
forms.of high speed engine, to use a contact breaker, which keeps 


Fig. 92.—A contact breaker, This device, keeps the circuit closed at all 
times except dtiring the brie interval necessary for passage of the spark at 
thenitug points; “Used to; Adyantage on engines running at very high speeds, 
as it allows ‘time ss the ac wiee flux in ta Bd of the coil to’attain a 
density sufficient to produce a good spark. 


the battery and coil in a closed circuit, except during the interval 
necessary for the passage of the spark. This allows the needed 


Sins far! the, magme tic, flyyx of the core of the magnet to attain a 
gpsity sua to induce a secondary current of the required 
g f 


, Stren 


When one secondary coil only is, used with a multi- 
cylinder engine, as in synchronous ignition, a device called 
a distributer is a necessary: pari ef the system. Its use 
is, $0, ditert, tg. discharge of. a, single cod; to, the spark 
Plug of gach, oHandes. in. xotabion dy digggibytes. consists, 
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of: a timer for the primary: eusrent, and. a similar device 
working synchronously, that is, in step with the timer, 
and: which switches, the secondary current to. the, various 
spark plugs in the proper order of firing. 


Ques, Define a distributer? 

Ans. A distributer is a combination of two timing 
devices working in unison with each other; one makes and 
breaks the primary circuit, while the other makes and: breaks 
the secondary circuit, and in so doing distributes the cur- 
rent to the several cylinders in correct sequence. 


Ques. How is the spark controlled? 
Ans. The spark is adyanced or retarded by the same 
method employed with a timer. 


Ques. Describe the primary element of a distributer. 

Ans. This contains as many stationary contacts as 
there are cylinders, and a revolving arm or primary. rotor, 
which, in its revolution, touches each of the stationary 
contacts, so that the primary circuit is made and broken. 
once for each cylinder during one revolution of the arm. 
The primary rotor is im metallic contact with the shaft, 
and forms. witlt it. and the engine a ground return for the 
primary circuit. 


Ques. Describe the secondary element. 

' Ans. ‘The, secondary element is, aboye and, concentric 
with the primary part. It has a rotor and the same num- 
ber of stationary contaets- as the primary element; the 
parts of both elements are arranged symmetrically with each 
other, and are contained»in a compact; cylindrical easing. 
A shaft geared to. the engine operates both the primary 
and secondary: rotors. 


i a. sect wiew. of a modern distributer, which 
diffe ae ees re Her gue the. foregoing. description, The 
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primary element consists of two springs 1, fastened to the shaft 2. 
The latter is fitted at its lower end with a bushing 3, containing 
two set screws to secure it to the timer shaft of the engine. It 
should be noted, that instead of having a stationary contact 4, 
for each cylinder, only one is provided, but there are additional 
revolving contacts A, so that the current is made and broken 
once for each cylinder during one revolution of the rotor. To 
the shaft, 2, is fitted a hard rubber distributer plate 7, with seg- 
ment 8, by taper 9. As soon as the springs 1 make contact with 
the terminal 4, segment 8 comes in contact with one of the ter- 
minals 10, inserted in the casing 11. The wiring and operation 
of the distributer system is later explained under “synchronous 
ignition.” 

In some types of distributer, an auxiliary spark gap is in- 
cluded in the design. The secondary rotor is arranged so that 
it does not actually touch the stationary segments, but terminates 
very closely to them, the current being required to jump through 
the short gap intervening between the arm and the segments. 
This space acts as an auxiliary spark gap. 


In all high tension ignition systems a permanent air gap 
is placed in the secondary circuit, across which the current 
must jump to produce a spark. The device by which this 
permanent air gap is maintained is called a spark plug. 
There are several varieties of these, as follows: 1, primary 
or make and break plugs, 2, secondary plugs, 3, duplex plugs, 
and 4, coil plugs. 


Answers Relating to Spark Plugs 


Ques. What is a primary spark plug? 
Ans. A make and break mechanism, operated by a 
magnet, for producing a primary or low tension spark. 


The primary plug has already been described in that section, 
devoted to the low tension ignition devices. ‘ 
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Ques. What is a secondary spark plug? 
Ans. A device which provides a permanent air gap 
in the secondary circuit for producing a secondary or high 
tension spark. 


& 


; ie 

Fig. 93.—Sectional view of the Pittsfield distributer. In this device 
several revolving contacts are employed instead of one; these consist of a 
double spring making sliding contact at the portions A. ‘The parts are: 1, 
contact springs! 2, shaft; 3, bushing; 4, stationary terminal; 5, timer ring; 6, 
stationary contact insulation; 7, distributer plate; 8, secondary revolving 
contact segment; 9, taper pin; 10, secondary stationary terminals; 11, casing: 
12, secondary terminal for lead to coil; B, slide bearings; C, hook; D, eye; 
E, secondary cable. The operation of this distributer is described in the text. 
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Ques. 


Ans. 


What are the essential elements of a secondary spark plug? 
This type of plug is made up of three elements 


2, 


a ground electrode, 


I, 


an insulated electrode, and 3, 


separating the two. 


insulating material, 
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Figs,,94-to 100.—Sections of well known spark plugs,.. The. first fiye shave 
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Ques. Describe the ground electrode. 

Ans. This is attached to a metal cup which -has an 
external thread so that it may be screwed into the metal 
of the cylinder, thus forming the ground connection of the 
secondary circuit. 


Ques. Déscribe the insulated electrode. 

Ans. ‘This consists of a thin thetal rod located in the 
center of the plug, ard whose end is separated from thé 
ground electrode by about one thirty-second of an inch. 


Ques. What is an air gap? 
Ans. The space between a break in a circuit; as between 
the términals of the two electrodes of 4 spark pltg. 


Ques. What materials are suitable for the insulation of a spark 
plug? 

Ars. ‘The insulating material is ustially of porcelain 
or mica, and is cylindrical in shapé. It is retained firmly 
in position by a threaded. bushing within the metal cup, 
which separates the two electrodes. 


In many modern spark plugs theré is 4n annulat clearance 
between the insulating material and the inside ‘of the metal cups. 
In some plugs an additional annular clearance is provided between 
the insulating material and the insulated electrode. This clear- 
ance is provided for tie pirpose of reducing the danger of short 
circuits by leaving a larger space between the two electrodes 
than would ordinarily be filled with soot. According to Sortie 
designers, it also insures 4 vortex for the gases, circulating in the 
primary combustion chamber, uhder the impulse of the piston 
strokes, thus expelling a large part of the deposits. 


Ques. How may the insulating material fail? 

Ans. It may become covered with a coatifig of soot 
which, possessing considerable conductivity, affords an 
éasier path fer the cuttent than the wir gap: It may also 
becée Saturated with cottducting matter, thus réducing 
ity @fiGeney ard Caksitig 4 liability of short circtrits, 
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Ques. What is a duplex spark plug? 
Ans. A'double plug, having both electrodes insulated 
so that the plug may operate on a metallic circuit. 


Ques. What is a coil spark plug? 

Ans. An ardinary plug combined with a plain secondary 
induction coil. ‘The latter is superposed on the plug and 
contained in a cylindrical casing; the vibrator and con- 
denser are located in a separate box, the object in this case 
‘being to minimize the secondary leakage, to have all parts 
easily accessible, and to simplify the wiring. 

A current of very high voltage is required to produce a sec- 
ondary or jump spark on account of the great resistance due to 
the air gap and compression pressure which oppose the current 
flow. The required voltage will depend upon the length of the 
air gap and the intensity of the pressure inside the cylinder, For 
ordinary spark plugs in the air the sparking pressure will vary 
from about 3,000 to 5,000 volts, according to the length of the gap, 
while to produce a spark in an engine cylinder where the mixture 
has been compressed to four or five times the atmos heric pressure 
will require from about 10,000 to 20,000 volts. 

Ques. What should be done when a plug fails to work? 

Ans. ‘The electrodes and insulating material should be 
cleaned with fine sandpaper, and the distance between the 
points adjusted to about one thirty-second of an inch, or 
about the thickness of a ten cent silver piece. To increase 
the gap between the points, a knife blade can be used to 
pry apart the electrodes. If the battery be weak, the gap 
may be made smaller, say, one sixty-fourth of an inch. 

Spark plugs are often damaged by placing a wrench upon 
the top or lock nut, The plug should be screwed in just tight 
enough to prevent leakage. An extra spark plug should be carried 
as an accessory. 

Ques. What is a safety air gap? 

Ans. An air gap connected in parallel with the secondary 
rircuit. For use on a magneto to secure a discharge. of 
current when the pressure has attained a certain maximum. 
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A safety air gap is necessary because if the resistance of the 
spark plug become too great to permit a spark to jump, the voltage 
of the secondary current may rise to an intensity sufficient to des- 
troy the coil. 


Ques. What is an auxiliary air gap? 


Ans. An air gap placed in the secondary 
circuit in series with the spark plug. Its 
object is to prevent any leakage of current 
in case of defective plug insulation by pre- 
venting the flow of the secondary current 
until the voltage has been raised enough to 
suddenly break down the resistance of the. 
auxiliary air gap, and also that of the plug. 
Fig. 101—An aux- his results in a discharge, through the air 
ihary air gap. AS gap of the plug, instead of short circuit- 


usually construct- 


oo an atiaty ing over the sooted surfaces of the plug 


Boe insulation. The construction of an aux- 


3 snottte ° %  iliary air gap is shown in fig. 101. 


In any jump spark system two distinct circuits are 
necessary : 


1. A primary or low tension circuit; 
2. A secondary or high tension circuit. 


The primary circuit is composed of: 1, a source of cur- 
rent supply, 2, a timer, 3, a switch, and 4, the primary 
winding of an induction coil. These eiements are joined 
in series, the circuit being completed by a ground return. 


The secondary circuit includes: 1, the spark plug, and 2, the 
secondary winding of the coil. One end of the secondary winding 
is connected to the insulated electrode of the spark plug; the 
other end is grounded to the metal of the engine, as illustrated 
in fig. 102, to be described in detail later. 
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In high tension ignition, there are several systems, 
among which may be mentioned those using: 


Plain coils with contact makers or contact breakers; 
Plain coils with mechanical vibrators; 
Vibrator coils; 
Plain coils with master vibrators; 
Single coils with distributers, as in synchronous 
ignition ; 

6. High tension magnetos; 

7. Coil spark plugs; 

8. Special igniting devices. 


OA pwn H 


These systems will now be taken up in the order given, 
with a brief explanation of each. 


Answers Relating to Ignition with Plain Coils, 
and Contact Makers or Contact Breakers 


es. Describe @ simple, high tension ignition system with a 

plain ‘Coit. i 
Ans. Fig. 102 is a wiring diagram showing the con- 
nections. In the figure the primary and secondary wind- 
ings. of a plain coil ase shown separated: insteqd of ever- 
japping, so that, the cirguits may be easily traced. There 
are two oincwits; 5, the primary circuit, which includes the 
battery, gwiteh, comtagt maker, and primary winding of 
the; ool, 2, the secondary. circuit, which is composed. of the 
sesondasy winding, of the coil, the spark plug and ground 

robMans . 
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Figs 103 and 104.—Remy wiring diagrams for two and four cylinder engines. 
This dual ignition system consists of a Remy high tension magneto, battery, 
coil, and one set of spark plugs. The special coil furnished with the magneto 
is fitted with a two point switch, used to switch from battery to magneto or 
vice versa, or disconnect from either to stop the engine. ‘The push button 
is for starting from the spark with switch turned to the battery side. When the 
battery is used, the current is simply turned through the coil and distributer of 
the magneto instead of the magneto current. ‘The speed of the magneto is the 


same as that of the cam shaft for a two cylinder engine, and twice the cam 
shaft speed for four cylinders. = 


Ques. Explain the operation of the system. 


Ans. The primary switch is first closed and then the 
engine cranked. As the piston approaches the upper dead 
center on the compression stroke, the nose of the contact 
maker cam engages the blade and brings the contact points 
together, thus completing the primary circuit. Current now 
flows from the plus terminal of the battery, through the 
switch, thence to the metal of the engine and to the blade 
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PLATE—WIRING OF 
SYSTEM. 


Showing primary leads between limer or so called com- 

mutator and coil box, and secondary leads to spark plugs. 

Adjusting Vibrators,—If the contact points become 
badly worn, dirty or out of alignment, the vibrator will not 
work properly. To adjust, turn adjusting screw up till uhe vibrator stops buzzing; then turn 
the screw down slowly until the two points just come together and the explosions in the 
cylinder become regular, then give the screw an extra quarter turn. 

In adjusting K-W coils it is 1mportant to see that the little flat cushion spring just.under- 
neath the vibrator bridge works back and forth every time the points make and break con- 
tact. This action can be determined by taking the unit out of the box and holding it up to the 
light; then press down the vibrator and observe the operation of the cushion spring. 

It is important to have all the units adjusted alike and with a little experience one will be 
able to “‘feel’’ by the explosion when the point is reached at which the engine develops the 
maximum speed. ‘Too close contact between the adjusting screw and vibrator will cause the 
current to ‘‘arc’’ between the points, thus hindering the flow of current, burning away the con- 
tact points and often putting the coil out of action. 

If the points become pitted or worn so that imperfect contact is made, they should be filed 
flat with a thin double faced file so that the surfaces meet each other squarely. 

To Detect Weak Unit.—With vhe vibrators p-operly adjusted, if any particular unit fail, 
or seem to develop only a weak action, change the position of the unit to determine if the fault 


be actually 1n the unit. 


& 


The first symptom of a defective unit is the buzzing of the vibrator with no spark at the plug. 


A leak in the condenser is often indicated by a ‘‘fat’’ bluish spark, but to make sure this 


is the cause of the trouble, disconnect the wire from the plug that fails and hold it about 1/42 of 


an inch from the spark plug termina. 

; If the condenser leak, the spark will be irregular at the gap.. Remember that a loose wire 
connection, faulty spark plug, or worn commutator may cause a iy cin in the running of 
the engine. These are points that should be considered before laying the blame on the coil, 
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PLATE—MAGNETO AND TIMER OR SO CALLED COMMUPATOR OF THE 


FORD IGNEFION SYSPRAE 


The magneto forms a part of the flywheel, , and is sg constructed that the magnets revolve 
wiiile the armature remains: ‘stationary. 
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of the Contact maker. From this point it flows through the 
insulated screw, lead, and the primary witiding of the coil, 
thence through the return wite to the negative terminal 
of the battery, thus completing the circuit. ‘This is indi- 
cated by the arrows. The action of the cam allows the 
contact points to touch each other for only a very short 
time. It should be noted that the primary and secondary 
wires do not come in contact with each other, both having 
an insulating covering. The momentary current flowing 
in the primary winding induces a current of high pressure 
in the secondary winding, but which flows in a direction 
Opposite to that of the primary current as shown by the 
attows. ‘This induced current flows from one end of the 
secondary winding to the metal of the engine and the ground 

electrode of the spark plug. It then produces a spark 

by jumping the air gap, thence it returns from the insulated 

electrode of the plug to the secondary winding of. the coil, 
completing the circuit. 

- When a contact breaker is used, the primary circuit remains 

closed except at the time of the spark. This elosed circuit work- 

ing is desirable with scme forms of high speed engines in order to 

allow sufficient time, as. before explained, for the magnetic flux 


in thé core of the coil to attain a density sufficient to produce a 
good spark at the plug points. 


The mechanical vibrator system employs a plain coil, and 
is identical with the one just desctibed with the exception 
that iti plate’of the make or break timing device, a mechan- 
ical vibratét is used, which gives a succession of sparks for 
firing each charge. 


A more refined method of producing a séries of sparks 
for igniting the charge is:by té tisé ef vibrator Coils... The 
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magnetic vibrator is a marked improvement on the mechan- 
ically operated device, as it vibrates with greater rapidity 
and is capable of delicate adjustment. - 


Answers Relating to Ignition with Vibrator Coils 


Ques. Describe an ignition system with vibrator coils. 

Ans. There is a separate coil for each cylinder, as 
shown in fig. 105, the several coils are enclosed in a case 
represented by the dotted rectangle. Each coil has an 
adjustable contact screw, which is conneeted by a common 
wire terminating at the two-way switch; also in each unit, 
one end of the secondary winding is connected to that end 
of the primary leading to the vibrator blade. Thesé com- 
mon connections simplify the external wiring as otherwise 
there would be four binding posts for each unit. The two- 
way switch just referred to permits the current supply to 
be taken from either of two sources, such as a battery and 
a magneto, Current is supplied by the battery when the 
switch is in the position shown in the figure. By turning 
the switch to the right, a current from the magneto will 
be furnished. In the figure, the primary wiring is shown 
by heavy lines, and the secondary wiring by fine lines. 


Ques. Describe the operation of the system. 


Ans. With the battery in the circuit and the timer in 
the position shown (fig. 105), the operation is as follows: 
Current flows from the positive terminal of the battery 
to the switch, thence to the contact screw of coil number 
two. From here, it flows through the vibrator blade, 
primary winding of the coil, timer, and the metal of the en- 
gine, and returns to the battery. The primary circuit is 
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alternately opened and closed with great rapidity by the 
vibrator so long as the rotor of the timer is in contact with 
the terminal. During this interval a series of high tension 
currents is induced in the secondary circuit, producing 
a succession of sparks. These currents flow through the 
secondary winding in a direction opposite to that of the 


see al eee 


z 


Wall 
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Fig. 105.—Wiring diagram of a dual jump spark system for a four 
cylinder four cycle engine. A dry battery and low tension magneto form 
the two sources of current supply. The primary, or low tension circuit, is 
shown by heavy lines, the secondary or high tension circuit by fine lines, and 
the leads to spark plugs by the double lines. The dotted rectangle represents 
the outline of a four unit dash coil. 


primary current. At each interruption of the primary 
current, an induced high tension current flows through the 
secondary winding, to the spark plug, across the gap pro- 
ducing a spark, and returns through the metal of the engine, 
timer, and back to the coil. As the rotor of the timer 
revolves it touches each of the stationary contacts, and in 
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So doing the above cycle is repeated for eath cylinder in 
the ordet of firing, as wired. 
Ques. By what other method may a multi-unit coil be operated? 


Ans. A master vibrator may be used instead of separate 
vibrators for each coil. 


Fig. 106.—Circuit diagram of a master vibrator coil. B, is the battery; 
C, the unit coils; Cl, C2, etce., the condensers; P, the primary windings and 
S, the secondary windings; H1, H2, etc., the spark plugs; T, the timer; MP 
the master primary; V, the vibrator; W, the common Primary connection; 
1, 2, etc., the stationary contacts of the timer. 


Ques. What is the advantage of this method? 


Ans. There is but one vibrator to keep in adjustment, 
sihce-this vibrator -serves for all the cylinders; whreas, 


with o1fé To? ‘edCH nit, aft have to ‘be kept in adiusthient, 
Whidll-n-vONes Moke Witetiod, OT ee 


ee _ 
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_. In fig. 106 is shown a master vibrator coil. This has but one 
vibrator V for the four units of the coil, these being designated 
respectively: C, C, C, C, and each consisting of a primary winding P 
and a secondary winding S. 

_ The primary windings are all united in parallel at the top by a 
wire W, and with the lower ends connecting respectively with the 
segmentsofthetimerT. The primary winding MP, which operates 
the vibrator V is in series with this winding, the wire WT con- 
necting from the battery and passing directly through the master 
primary MP. The four condensers, Cr, C2, C3, and C4, are in 


Fig. 107.—The Splitdorf master vibrator coil. As shown in the illustration, 
the several unit coils are indicated by the figures 1, 2,3 and 4. A fifth unit 
V at the left contains the master vibrator. The primary wires P connect 
with the timer and the seeondary wires with the plugs. BB shows the battery 


connections. 


parallel with the primary windings. Each of the secondary wind- 
ings S connects direct to the spark plugs, designated respectively, 
ity Ho) Hasand 14; 

Fig. 107 illustrates the Splitdorf master vibrator, in which the 
four coils are designated, 1, 2, 3, and 4, and a fifth unit V in the 
left of the box contains the master vibrator. The four primary 
windings connect direct by the wires P with the timer, and the 
secondaries are connected direct with the plugs. The internal 
wirings of all of the primaries are in parallel with the electro magnet. 


. inthe unit V, which operates the master vibrator. 
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Answers Relating to Synchronous Ignition 


Ques. What is synchronous ignition? 


Ans. A system of high tension ignition in which a 
distributer and a single coil are used for the several cyl- 
inders of a multi-cylinder engine. 


Ques. Explain the application of the term “synchronous.” 


Ans. The system is called “synchronous”’ for the fol- 
lowing reason: when a multi-cylinder engine has a coil 
unit for each cylinder, it requires the adjustment of several 
vibrators. Now, the time required by the vibrator to act 
is variable with the adjustment and with slight differences 

in construction, hence, with several vibrators, perhaps no 
two will act in the same time. Consequently, though in 
the ordinary multiple coil system the closing of the primary 
circuits may occur at exactly corresponding moments for 
all of the cylinders, the production of the spark of ignition 
will be more or less “out,’’ owing to the variation in the 
“Jag’’ of different vibrators. With a distributer and single 
coil, the lag is the same for all the cylinders, hence the 
application of the word synchronous. 


Ques. Describe the synchronous circuits. 


Ans. Fig. 108 is a wiring diagram showing the two cir- 
cuits. ‘The primary circuit includes the battery, switch, 
primary element of the distributer, and primary element 
of the coil, The secondary circuit includes the secondary 
winding of the coil. the secondary element of the distributer, 
and the spark plugs. 
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Fig, 108.—Diagram illustrating the principles of synchronous ignition. 
For clearness, the primary and secondary elements of both the coil and the 
distributer are shown separated. When the primary rotor of the distributer 
completes the primary circuit current from the battery flows and vibrator 
operates, making and breaking the current with great frequency. A high 
tension current, made up of a series of impulses, is induced in the secondary 
circuit and distributed by the rotor arm, during its revolution, to the several 
cylinders in the proper order of firing. 


Ques. Explain the operation of the system. 


Ans. The primary rotor of the distributer being in 
contact with one of the stationary segments, the path of 
the primary current is as follows: From the plus terminal 
of the battery to the metal of the engine, through the primary 
element of the distributer and the primary winding of the 
coil; thence to the vibrator blade, contact screw, and back 
to the battery by the return wire, as indicated by the 
arrows. During the time. the. primary rotor is-in contact 
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with the stationary segment, the primary circuit is opened 
and closed with great frequency by the vibrator. This 
produces a series of induced currents in a reverse direction 
through the secondary winding of the coil. Each secondary 
segment of the distributer being wired to one of the spark 
plugs, the rotor during its revolution brings each plug into 
the secondary circuit in the order indicated in the diagram. 
As shown, the secondary rotor is in contact with segment 
number two, which causes the induced current to flow 
from the secondary winding, through the distributer, 
thence to the spark plug, across the gap, through the 
metal of the engine and back to the coil by the return 
wire as indicated by the arrows. One end of the 
secondary winding is usually connected to one end of 
the primary windirg instead of making a separate connec- 
tion to the metal of the engine. This simplifies the wiring 
by having one common ground connection. 


Ques. What kind of coil is best suited for synchronous ignition? 

Ans. One which gives the required work with the 
least primary current, and which shows freedom from — 
vibrator troubles-and the minimum effect on the points 
after a continuous closed circuit test of at least ten hours. 

Ques. Why is this more important with synchronous ignition 
than when multi-coils are used? 

Ans. No coil has been produced which will not, in 
time, show some pitting of the vibrator points, especially 
if the direction of the primary current be always the same. 
A coil worked from a four point distributer will show a 
given amount of pitting in rather less than a quarter of 
the time required to produce the same effect if the coil be 
one of four coils operated by a timer. 

It is good judgment to carry a spare coil unit, no matter which 


system is used, and it should be kept in good condition so that no 
time need be lost if a change be required. 
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PLATE—WIRING DIAGRAMS OF THE FIAT, DUAL IGNITION SYSTEM 
FOR FOUR AND SIX CYLINDER ENGINES. 


1924 


961 


~Mulos 94} oov|dor UaY} ‘MarOS 944 JO Peay O44 JOpUTi sIOYSEA JO SUITYS [[eMIS OY} JO 9UO Yo sxe} pue ‘Moros JowJUOD 94} BAOUEI ‘szuTOd yo"; © 
oy} JO JUeuL\sn(pe oy} oReUL OT, *sa|IU PuvsnoYy U9} ynoqWe jo pua 94} 42 yUeUT\sNfpe qYZIIs B A[qrssod ydsoxe uor}Ue}}e IoyjO OU Spoeu 4t 
‘1OUNI OY} JO Sj1ed BuryIOM 9} UO 10 jo dosp ev Build AjeuOIseo00 10j ydaoxg ‘sivad jesrds Aq jJeys ured oY] JO pus 4UOI OY} WOIy UeATIP 
Jaynqisjsip pue Iau} qusy-1oyemyy 94} Aq sdnjd 94} 0} pajnqriysip st quarin2 sy, ‘Buys pue Bury1e4s oy} IOJ YUoIMO soysIuMy 
yorym Ajoqyeq oures oy} Aq porddns Zulsq yuasino ay} ‘Jepurso B 0} And ouo Butsn ody yreds duinf oy} Jo st ure4sAs uous oy, 


‘WHLSAS NOILINOI @TIGONdNH FHL XOX WVAOVIG ONIAIM—SLVId 
AYA1LLVE 


43 inNglyisig 
ONV 
Y3LdNYY3LNi 


€-v-2-1 Y3q0NO ONIN 


HOLIMS 
NOILINO! 

ONV 
ONILYVLS 
SIVNIWYSL YSLYVLS 


IGNITION 193 


— 


Ques. How should a battery and coil be connected? 


Ans. It is advisable that the vibrator screws be made 
“positive,” so that whatever platinum is carried away by 
the arc, may be taken from the screw and deposited upon 
the contact point of the vibrator. The theory is that the 
screw is cheaper and easier to replace than is the vibrator 
and that, with this arrangement, the vibrator point builds 
up rather than wears away, requiring only the smoothing 
off of the extra metal deposited upon it to keep it in con- 
dition. 


Answers Relating to Ignition with High Tension 
Magnetos 


¢ 


Ques. What is the action of current from a magneto upon the 
vibrator contact points? 


Ans. The current from a non-synchronous alternating 
current magneto produces very little wear on the vibrator 
points because the current, in the aggregate, is in each 
direction for one-half the time. 


Ques. How may the wear on vibrator points be reduced when a 
battery is used? 


Ans. By periodically changing the direction of the 
flow of the current. This is done by reversing the wires 
attached to the battery terminals. 

Ques. What are some advantages of ignition with high tension 
magnetos? 

Ans. ‘The wiring is greatly simplified since the coil 
and condenser are a part of the magneto. Also, hand 
advance of the spark is not required. 


194 


AUDELS ANSWERS 


*palisap Way JIN aq} OFUL 10JVIGIA DTVOUZeUT & BUIZULIq JOY U0}NW & PUL ‘TO}IMS PoeUTe}WO-jJas ITM 


Peplaoid st [100 [Bloods VW 


fisaying ayy fo spousuises ay} OL 'S PUP Lt 


q2IUUoD 


fy 


ZZ 


spourwsay £0j0914751 J 
‘poususay uossuay yBrY Lof 21909 274M PML “EC 
qoujuuay Buyinssya psoys 40f 21909 pat uy 4 } uot suay moy 
“saypesg ODJUCD f1ay0q sof ajqoo anjq uy "tf * 


popausoyy 40f 


190) paujquios anoy 


‘s8njd jo jas ouo Zuisn ‘u1a}sAs uOor}IMsI [enp YoOso_ 24} JO WeIZeIP SUIIM\— "60 ‘“BhT 


sauunif oxo} uonrownrd } uorsuay M07 


psuoyIauUuo, aysuigy 
sof aqua unos PMY “¢ } uoisuay Yystzy 


$ajq09 peuiquios anoy 


"uorusy jonq 
ysog 243 40f suoysauu0D) 


IGNITION 195 


Ques. Why is hand advance not necessary? 


Ans. The intensity of a magneto current increases 
with the speed. Hence, when running slowly, the spark 
produced in the cylinder will be weak and the charge will 
be ignited slowly. At high speeds, the strength of the cur- 
rent being greater causes the charge to ignite more rapidly; 
this charge produces an effect equivalent to advancing the 
spark. 


Ques. What is necessary to start an engine on a magneto? 


Ans. The crank must be turned faster than when a 
' battery is used, because the armature must be turned at 
a certain speed to generate the required current. 

Due to the refinement of design, mast magnetos will give a 


spark sufficient for ignition even if the armature be revolved quite 
slowly. 


Ques. Are ordinary spark plugs well adapted to a magneto? 


Ans. No, because the current being stronger than that 
furnished by a battery, the greater heat of the current 
tends to burn the slender points thought necessary, there- 
fore, with a magneto they must be larger for satisfactory 
working. The gap of a magneto plug should be less than 
that of an ordinary plug, because the current, while of 
greater amperage and heating value, is of less voltage 
than with a battery system. ‘The gap should not be more 
than one sixty-fourth of an inch. 

Ques. What should receive special attention with magneto igni- 
tion? 

Ans. It is important that the revolving switch, which 
distributes the secondary current, and the contact breaker 
should be kept clean. 

The interrupter, which breaks the primary circuit at the time 


of the spark, should also receive attention and be Seibey in proper 
condition. 


. 
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Ques. Describe an ignition system with a high tension magneto. 


Ans. In fig. 109, the magneto is shown at the left. 
It is of the true high tension type, but differs from the 
standard rotary armature type in two respects: 1, the high 
tension connections are slightly altered, and 2, an addi- 
tional contact breaker is provided for the battery so that 


Fig. 110.—Section through the Simms-Bosch high tension magneto. A, 
armature shaft; B, curved arm carrying high tension lead; C, lug supporting 
screw, D, adjusting contact breaker, E, against spring, F; G, revolving sleeve 
carrying face cams; H, high tension lead wire; J, carbon brush of distributer 
disc; K, insulated ring; L, rotating drum of distributer; M and N, distributer 
brushes; O and P, safety spark gap; Q, swiveled lever for retarding or advanc- 


ing the spark time; R, condenser; T, T, spring pushed wick oilers for arma- 
ture spindle, 


the magneto will serve also as a timer, while the secondary 
timing device on the magneto is used for both the magneto 


and the battery current. All other details are similar to 
those of ordinary machines. . . 
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—<———— PRIMARY WINDING 


SPARKING PLUGS ‘SECONDARY 


SAFETY SPARK GAP__ 


CONTACT “BREAKER o1f 3 OISTRIBUTOR DISC 


Fig. 111.—Circuit diagram showing the Simms-Bosch high tension magneto 
wired up to spark a four cylinder engine. The secondary current is led from 
the armature winding by a wire, encased in a tube, which emerges from 
the spindle of the armature. Thence, through a carbon brush bearing upon 
a flat brass ring, on the front of the secondary distributer, it passes to the con- 
tact segment; being conveyed to each spark plug in turn through the four 
brushes of the secondary distributer. 


Ques. How can the battery be used in place of the magneto? 


Ans. For battery ignition a special dash coil is pro- 
vided, having a self-contained switch and button for bring- 
ing a magneto vibrator into the circuit when desired. The 
vibrator is only brought into operation for starting the 
engine from the seat. After starting, the vibrator is cut 
out and the interruption of the current effected by mechan- 
ical means, hence, there is no lag in the operation of the 
interrupter, as with magnetic vibrators. If there be any 
- mixture in the cylinder, the engine can be started from the 
seat by pressing the button. The switch handle, which 
projects through a slot in the casing of the coil, locks in 
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three positions by a spring, the positions being designated 
respectively, “Magneto,” “Off,” and “Battery.” The 
wiring connections are as shown in the illustration. 


Answers Relating to Ignition with Coil 
Spark Plugs 


Ques. Describe a coil spark plug. 
Ans. ‘This type of plug consists of a combined spark 
plug and induction coil, the latter being encased in mica 


PLUGS 


0c 
(=) 
kK 
x 
wc 
e 
> 
9 


© ‘o; © = 
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Fig. 112.—Wiring diagram of a coil spark plug system. ‘There is no 

ground connection for the secondary terminals, as these are connected 

inside directly to the electrodes of the spark plug, both electrodes being 

insulated. A condenser and vibrator are placed in the box shown at the left 

of the figure. In this system only the low tension wiring of the primary 
circuit is exposed. 


and hermetically sealed. Outside this is a metal cover 
that protects and supports the whole. ‘The ends of the 
primary winding are connected to binding posts on top of 
the casing. ‘The two electrodes of the plug form the ter- 
minals of the secondary winding. A master vibrator and 
a condenser are contained in a separate box. 
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Fig. 112 is a wiring diagram, showing the connections for a 
four cylinder engine fitted with coil spark plugs. The current 
supply may be from either battery or magneto, as illustrated. 
It should be noted that in wiring, only the primary circuit is 
exposed. The plug shown in the illustration has no ground con- 
nection of the secondary terminals, that is, both electrodes are 
insulated. The connections of the circuit may be easily under- 
stood from the figure. 


A modification of the plug just described is one having a 
ground return, as shown in fig. 113, for both the primary and 
secondary currents. In other respects, the wiring does not differ. 


Ques. What advantage is claimed for the coil plug system? 


Ans. ‘The loss by secondary leakage due to imperfect 
insulation or Hertz wave is avoided. Accessibility also 
is secured by the separation of the coil and the condenser. 


VIBRATOR 


=  crounp GROUND 


Fig. 113.—The Perfex ignition system. ‘The ignitors consist of coil spark 
plugs, each having one electrode grounded. A box shown to the left con- 
tains the vibrator and condenser. In this method of ignition the primary 
wiring only is exposed. 


Ques. What is dual ignition? 


Ans. ‘Iwo modes of ignition having one or more parts 
in common. 


Ques. What is double ignition? 


Ans. ‘Two independent means of ignition having no 
parts in common, thus if anything should happen to one 
_ system the other may be brought into use. 
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Double ignition makes a delay on account of ignition troubles, 
a remote probability; as a guard against disablement, it is one 
step farther than the dual system, in which the two modes of 
ignition are not independent. 

The terms dual, and double are frequently used incorrectly. 


Fig. 114.—A double ignition system with Bosch high tension magneto and 
Atwater Kent ‘‘Unisparker” battery system. ‘The ‘‘Unisparker’’ should be 
so adjusted that for one-third advance, ignition takes place on center. ‘The 
point at which the spark occurs may be readily determined by removing the 
distributer cover and listening for the click of the contact maker. The figure 
shows the ignition system as installed on the Thomas car. 


Ques. How may a battery be used economically for ignition? 


Ans. By employing a single spark for each ignition, the 
spark being produced with a contact maker so constructed 
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that the duration of the contact period is just sufficient 
for the proper building up of the magnetic field about the 
coil windings, before the occurrence of the break. Because 
of this, it is usual to so set the adjustable point of the 
breaker that the contact duration is the minimum with 
which a proper igniting spark can be procured. 


Fomerly dry cells gave satisfaction with one or two cylinde1 
engines, but with the introduction of the four and six cylinder 
units it was found that the increased current consumption caused 
the rapid exhaustion of the battery. On this account the storage 
cell of greater first cost but longer life was substituted. Since sin- 
gle break igniting devices have been in use it has been demon- 
strated that, with proper treatment, the dry cell battery can be 
made to give as good service as can any other type of battery. 


Ignition Troubles 


To successfully cope with ignition troubles there are 
two requisites: 1, a thorough knowledge of the system used, 
and 2, a well ordered course of procedure in looking for the 
cause of the trouble. 

In many ignition systems the chief difficulty encountered 
in the location of defects arises from the fact that faults in dif- 
ferent portions of the circuit sometimes makes themselves 
manifest by the same symptoms. If each defect had its 
individual symptom, locating the trouble would be com- 
paratively easy, but, as it is, it is sometimes quite difficult 
to find the defective parts. In general, the following 
method should be adopted to locate ignition troubles: 

1. The source of current supply should be examined; 
if a battery, each cell should be tested separately, and any 
one found to be weak, removed. If a magneto be used, 
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it should be disconnected, and the armature turned by hand; 
in case the field magnets have not lost their proper strength, 
the armature should turn preceptibly hard during certain 
portions of each revolution. 


Figs. 115 to 117.—1, the Atwater Kent spark generator, 2 and 38, sectional 
views showing two positions of the contact maker. This device is designed 
especially to secure economy in the use of current and is adapted to cperate 
with a dry battery. The generator comprises the following elements: 1, a plain 
secondary coil, 2, condenser, 3, contact maker, 4, secondary distributer, 5, 
spark advancing device, 6, starting button, and 7, individual cut-outs for test- 
ing the cylinders separately. 


2. ‘The primary circuit should be examined for breaks; 
all connections made bright and secured firmly by the 
binding screws, and the timer contacts cleaned. 


3. The spark plug points should be cleaned and the 
air gap made the proper length—about one thirty-second 
of an inch. 


PLATE — SPLITDORF 
0S” COIL. 


The coil proper is mounted 
on the base of the switch, the 
face of which is designed to 
mount on the dashboard, where 
‘it is controlled by hand or foot. 


T he coil is enclosed ina light 
water proof case and extends 
_ through the dashboard. 


Being mounted on the base 
of the switch, as it is, the con- 
necting leads from the switch 
contacts to the transformer are 
very short. 


* The terminal wires from the 
_ interior of the transformer and 
_ switch are brought to an en- 
closed casing at the rear end of 
the transformer, to which point 
the battery and magneto leads 
are brought and connected to 
their respective terminals. 


ey OA 


On the face of the 
switch is an ignition 
button, to be used for 
starting the car on the 
battery only. 


Both leads from the 
battery must run direct 
to transformer. 


Do not ground the 
ballery. 


The “TS F’* Coil 1s 
used with two magnet 
machines and the 
“TS B” Coil with three 
magnet machines. 


PLATE—TESTING THE SPARK PLUGS FOR MISSING CYLINDERS. 


Hold a screw driver or other instrument so that it will make connection between the head 
of the spark plug and some part of the engine. Hold the screw driver by its wooden handle 
to avoid receiving a shock from the ignition current. If you short circuit one of the cylinders 
in this. way that is working properly it will, in the case-of a four cylinder engine, cause the 
engine to run on only two cylinders; but as soon as the one is reached whose short circuiting 
makes no difference in the running of the engine, it is the cylinder that fails to fire. 


Stop the engine, unscrew the spark plug, leaving the wire on it and lay it on top of the 
cylinder as shown, in such a way that only the threaded metal body of the plug but not its 
head touches the cylinder, Clean the plug, which may be done with an old tooth brush 
dipped in gasoline, and see whether the points are just 142 of an inch apart. Now turn the 
engine over slowly by hand, to see whether a spark occur at the gap. If not, try a new 
plug, and if there be still no result, trace the wiring and watch for worn off insulation or 
loose terminals, or for a place where the current is ‘‘grounded”’ by the wire making contact with 
some part of the car. 


In turning the engine over, open the priming cups to make the testing operation easier 
and to prevent the engine starting suddenly, 
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4. The vibrator contacts should be made flat and clean, 
and the vibrator properly adjusted. 


Testing the Spark Plug.—The spark plug should be unscrewed 
and placed on the cylinder without disconnecting the wire to the 
insulated electrode; the body of the plug only should touch the 
metal of the cylinder. On cranking the engine the spark should 
be “fat” if everything be in good condition; if a weak spark be 
produced it may be due to either a loose terminal, run down bat- 


Fig. 118.—Contact maker of Atwater Kent spark generator. The moving 
parts are the shaft A, the snapper B, and the pivoted contact arm C. The 
shaft carries four (or six for a six cylinder engine) milled notches forming a 
ratchet which engages the claw at the end of the snapper B. ‘The operation 
of the device is explained in the text. 


tery, or badly adjusted vibrator. When no spark can be obtained 
the entire system must be examined and tested, beginning at the 
battery. 


Plug Testing in Multi-Cylinder Engines.—All nuts are removed 
from the plug, leaving the high tension wires.in place. After 
starting the engine, all wires are grounded except one, thus run- 
ning the engine on one cylinder. In case there be no misfiring 
after testing at various engine speeds, it can be taken for granted 
that the plugis sound. ‘The remaining plugs are tested in the same 
mannez. When a multi-unit coil is used, a faulty plug may be 
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located by holding down all the vibrator blades but one, so that 
only one spark plug operates. Running each cylinder separately by 
this. means, it can easily be ascertained which plug is defective. 
Some coils are provided with little knobs for cutting out cylinders 
in the manner just described. 


Complete Break in the Wiring.—The en 
the sparking point, the primary switch close 


minals of the suspected wire touched with a test wire. A flow of 
current indicated a break, 


gine is placed upon 
d, and the two ter- 
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Partial Break in the Wiring—A partial break, or one held 
together by the insulation, may sometimes be located by bending 
the wire sharply at successive points along its length, the engine 
being at the sparking point and the switch closed as before. 


Primary Short Circuits——The primary wires should be dis- 
connected from the coil, leaving the ends out of contact with any- 
thing. There is a short circuit if on touching the switch points 
momentarily a spark appear. A short circuit may sometimes be 
overcome by clearing all wires of contact with metallic bodies, and 
' pulling each wire away from the others which were formerly in 
contact with it. 


Secondary Short Circuits.—The secondary lead from the spark 
plug should be disconnected. Under this condition the high 
tension current may sometimes be heard or seen discharging 
from the secondary wire to some metallic portion of the car. 
Water in contact with the secondary wire will sometimes cause 
a short circuit unless the insulation be of the best quality. 


The Primary Switch.—This portion of the primary circuit 
sometimes causes trouble by making poor contact. ‘This is gen- 
erally due to the deterioration of the spring portion of the metal, 
which gradually loses its resiliency. Snap switches sometimes 
‘fail through the weakening of the springs which hold them in the 
“on” or “off” position. The contacts of a switch should be kept 
in good condition. 


Primary Connections.—All binding posts and their connec- 
tions should be clean and bright. The wires should be firmly 
secured to the binding posts, as a loose connection in the primary 
circuit is often the cause of irregular misfiring or the stopping of 
the engine. 


Vibration.—Since the wires are subject to constant vibration, 
a number of strands of fine wire is better than a single heavy wire, 
as the latter is more liable to be broken. In securing the wire 
to a binding post, care should be taken that all the strands are 


bound. , 


Timers.—These may give trouble by: 1, presence of dirt, 2, 
loose contacts, or 3, division of the spark; this latter effect is 
sometimes caused by metallic particles wearing off the revolving 
part forming a path so that the spark passes from the revolving 
part to more than one contact segment. 


Coils.—The part of a coil which requires most frequent attention 
is the vibrator. The contact points are subject to deterioration 
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on account of the small spark always present between the points 
when the coil is in operation. In time, the points become 
corroded and burned, and therefore require to be resurfaced by 
smoothing with a fine file. A faulty connection to the condenser 
is at once shown by large sparks at the vibrator points. Any 
repairs to a coil, aside from the vibrator, should be done by an 
expert, as the construction is very delicate. 


Igniters.—In make and break ignition, a failure to get a spark, 
especially with a weak battery, is frequently due to the tappet 
spring. This spring must be quite stiff so as to cause the break 
to take place with considerable rapidity; the more rapid the break 
the better is the quality of the spark. The contact points of the 
igniter electrodes are subject to corrosion and wear. When they 
become pitted the contact surfaces should be filed smooth. 


Spark Plugs.—Repeated failure to start when the coil vibrator 
operates, indicates a faulty spark plug. A rich gasoline mixture 
often leaves a carbon deposit, and being a partial conductor short 
circuits the plug. The porcelain insulation, on account of its 
brittleness, may crack inside the sleeve, allowing a spark to pass 
there instead of at the gap. Mica insulation sometimes becomes 
saturated with oil, causing the layers to separate, permitting a 
short circuit. 


Engine Misfires and Finally Stops.—This may be due to ex- 
haustion of the battery, and is indicated by a weak spark and 
very faint vibrator action. 


Engine Suddenly Stops.—This is generally caused hy a broken 
wire or loose switch which does not stay closed. In the case of a 
single cylinder, the broken wire may be either in the primary or 
secondary circuit, if a multi-cylinder engine, the break is in the 
primary circuit. 


Engine does not Start.—Usually caused by: 1, primary switch 
not closed, 2, battery weak or exhausted, 3, entire or partial 
break in wire, 4, loose terminal, 5, moisture on spark plug, 6, 
fouled plug, 7, spark too far retarded or advanced, or 8, too 
slow cranking with magneto ignition. 


Engine Runs Fitfully—Frequently results from a partial 
break in the wiring, especially in the primary circuit. 


Pre-ignition.—Caused by: 1, some small particle in the cyl- 
inder becoming heated to incandescence, 2, the electrodes of the 
spark plug becoming red hot, or 3, intermittent short circuit in 
the primary. 


PLATE — INSTRUCTIONS FOR INSTALLING SPLITDORF MAGNETOS, 
STRAIGHT SHAFT MODELS. 


After securing the magnet to the prepared base on the engine, crank the latter until cylinder 
No. 1 is on the firing dead center (that is, the point of greatest compression). The engine 
must remain in this position until the balance of the work is completed. 

Fully retard the spark lever and connect it to the advance lever on the interrupter box of 
the magneto, so that if the magneto shaft revolve in a clockwise direction looking at the driving 
end, the interrupter box lever will be at its upper position. 

If the shaft revolve left handed, the lever should be at its lower position, and advanced 
upward. 

Since all four cylinder four cycle models run at crank shaft speed and six cylinder models 
at one and one-half crank shaft speed it is customary to drive either geared direct to the crank 
shaft, or by means of a universal coupling known as the ‘‘Oldham"’ coupling as shown in fig. A. 
The latter method is very much to be preferred to the former, because the accurate setting and 
alignment necessary with the direct gear on the armature shaft is not essential with the latter 
method. There is another drive possible, the chain, but on account of the many wearing 

oints, back slack, etc., this should only be used where gear drive is impossible on account of 
inaccessibility, or where a large number of gears is objectionable. 

If the Oldham drive be employed, the driving flange is first slotted to fit the “‘Woodruff” 
key supplied with the magneto and then fitted. The other flange of the coupling is left loose 
on the end of the pump shaft or other shaft used to drive the magneto and the cross block is 


slid into place. 
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LEFT HAND MAGNETO, LOOKING AT 


MACHINE FAOM DRIVING END. RIGHT HAND MAGNETO LOOKING AT 
MACHINE FROM DRWING END 


CORE LEAVES POLE PIECE, ;& SEGMENT Just POINTS(S) ABOUT TO OPEN WHEN ARMATURE 
CORE LEAVES POLE PIECE ABOUT | 
UNDER BRUSH. SEGMENT JUST UNDER BRUSP FS 


POINTS(S) ABOUT TO OPEN. WHEN ARMATURE 


PLATE — INSTRUCTIONS FOR INSTALLING SPLITDORF MAGNETOS, 
STRAIGHT SHAFT MODELS.—Continued ; 


Now revolve the armature shaft in its direction of rotation until the oval breaker cam 
comes in contact with the roller in the breaker bar and just begins to separate the platinum — 
contacts, fig. B. 


The flange of the coupling can then be drilled and reamed for a taper pin and the timing _ 
of the magneto is then permanently effected. : 


Then connect the terminals on the magneto to those on the transformer as shown in the 
wiring diagram. 


The wires to the spark plugs in the cylinder should be “stripped” for about one-half inch | | 
and the ends pulled into the cups of the distributer, and jammed up into a little ball as il- 
lustrated in fig. C ; 


After ascertaining the position of the bronze sector of the distributer, fig. D, connect the 
cup directly over it to the spark plug in cylinder No. 1. Since the direction of rotation of the 
distributer is always opposite to that of the armature shaft, the wire from the cup next in 
rotation goes to the next cylinder in sequence of firing and so on until all four are connected. 


Four cylinder four cycle engines always fire either 1-2-4-3, or 1-3-4-2, the latter being the most 
general rule. : 


In starting the engine, always retard the spark mechanism to its limit, throw the switch 
on the coil to the side marked ‘‘Battery”’ and crank the engine. 


If it be desired to start on the magneto side, ignoring the battery entirely, advance the spark 
mechanism about one-half or two-thirds of the way and crank as before. No back kick is 
observed. Do not drive the engine with the spark retarded, but as far advanced as the engine will permit. 


To change from one direction to the other, remove the breaker box, take out the four 
screws that hold back plate, then remove back plate and slide armature back; this will bring 
the two gears out of mesh; hold the driven end of the armature firmly with a pair of gas pliers | 
and remove the little nut. Pull off the cam, fig. E, which is keyed on with a Woodruff key, 


turn the ca over, replace the nut and reset it on the shaft with a prick punch so that it will 
not jar off. ‘ 


Remove the distributer block and set the armature gear back into mesh so that the position | 
of the segment will agree with either fig. F or G according to the direction of rotation, 
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Engine Runs With Switch Open.—Usually caused by: 1, over- 
heated engine or plug points, 2, primary short circuit, or 3, defec- 
tive switch, 4, an incandescent particle inside the cylinder. 


Engine Misfires.—This may be caused by: 1, weak battery 
2, partial break in conductor, 3, loose or disconnected terminal a 
intermittent short circuit in the secondary, 5, faulty action of 
either timer or vibrator contacts, 6, bent vibrator blade 7, faulty 
spark plug, or 8, air gap too large. Sa 


STORAGE 
ee 


“GROUND 


Fig. 120.—Wiring diagram for a six cylinder car, jllustrating a double igni- 
tion system with two sets of spark plugs. One system consists of a high tension 
magneto with connections from its distributing terminals to one set of spark 
plugs; a second system is composed of a battery, vibrating coil, distributer and 
connections with the second set of plugs. 


Knocking of Engine-—Too much advance of the spark some- 
times produces this effect. 


Knocking in the Cylinder——The form of unusual noise com- 
nonly described as “knocking”’ consists of a regular and con- 
tinuous tapping in the cylinder, which is so unlike any sound 
usual and normal to operation that, once heard, it cannot be 
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mistaken. Too much advance of the spark sometimes produces 
this result. As mentioned by numerous authorities, the placing of 
the spark plug in the exact. center of the combustion space occa- 
sions a peculiarly sharp knock, which may be stopped by advancing 
or retarding the spark from the one point of trouble. This ex- 
planation of the trouble is questioned by others, and is probably 
over rated. 


Loss of Power Without Misfires——This may be due to badly 
adjusted coil contacts, poor spark, or incorrect timing. 


Explosions in the Muffler.—These are usually caused by mis- 
firing, partially charged storage battery, or by one cylinder not 
working. 
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“TIMING” AND BALANCING 


The system or process by means of which the moment 
of ignition and the opening and closing of the valves is regu- 
lated in an internal combustion engine is called timing. 

The timing of the valves is an expression analogous to 
“valve setting’’ in regard to a steam engine. 

Balancing involves some mechanical means for rendering 
all movements perfectly even and for neutralizing thrusts 
and vibration; considerable ingenuity has been exercised in 
the effort to achieve a perfect solution. 


Answers Relating to Balancing 


Ques. How is a single cylinder engine balanced? 
Ans. By fastening counterweights on the opposite side 
of the crank. 


Ques. How is a double cylinder engine balanced? 

Ans. In a two cylinder engine the cranks are often 
placed opposite each other. This mechanically balances 
the engine, but the explosions will take place at irregular 
intervals and thus cause the engine to vibrate. In some 
engines both cranks are set the same way, and counter- 
weights are attached as in a single cylinder engine. 

The explosions in such engines take place at regular intervals. 


but in practice it is found that such engines vibrate more than the 
former kind on account of very poor mechanical balance. 
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Ques. Is it possible to perfectly balance an engine by counter- 
weights? 


Ans. No;an engine may be balanced by counter- 
weights to run at a certain speed with no perceptible vibra- 
tion, but a variation below or above this speed will throw 
it out of balance. 


Ques. How isa multi-cylinder engine balanced? 

Ans. The arrangement of the cranks of a multi-cylinder 
engine produces a mechanical balancing effect in itself, but 
in order to reduce the vibration to a minimum, timing of 
the explosions in the various cylinders is necessary. 


Answer: Relating to Timing 


- 


Ques, How is the timing of the valves effected? 
Ans. By arranging the cams which operate the valves, 
so that successive firing cylinders are on opposing cranks. 


j Ques. Explain this by referring to the four cylinder engine in 
g. 121. 


Ans. Naming the cylinders from left to right, 1, 2, 3, 4, 


and assuming that cylinder #1 has just completed a 
power stroke, the next cylinder may be either #2 or #3, 
the third one must be 4:4, and the final one may be either 
#3 or +2, depending on which fired second. 

Ques. How do automobilists ordinarily express the rotation of 
firing? 

Ans. The engine fires 1, 2, 4, 3, or it fires 1, 3, 4, 2. 


Ques. What else governs the firing, so far as balance is con- 
cerned? 


Ans. The adjustment of the ignition mechanism must 
follow the same rotation as governed by the cam rotation. 
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regards the firing of the successive cylinders. 


The engine should be turned over slowiy by hand. 


Ans. 


By watching the lifting of the inlet or exhaust valve stems, 


the point of ignition will come about one-half urn after the 


seating of the inlet valve on each cylinder. 
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How is the timer adjusted? 


Ques. 


Ans. The engine should be turned slowly until the 


given an 


It is then 


if the timer be fastened to the cam 


tx seats. 


Jer 


inc 


. 


let valve of cyl 
additional half turn 
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the latter may be loosened and turned 


shaft by a set screw, 


made with one of the points, and the 
The wire leading to spark coi] #1 


around until contact is 
set screw tightened. 
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is connected to this point and the secondary wire of this 
coil to spark plug on cylinder +1. The engine is now 
slowly given another half turn, during which it should be 
noted which inlet valve seats; it should be that of cylinde 
#2 or #3. The primary wire of the second spark coil, 
counting from left to right, is connected to the binding 
screw of the timer point now in contact, and the secondary 
wire of this coil to the cylinder which has been found to be 


in action. The remaining cylinders are then tested in the 


same manner. 
Ques. Should not the spark coils and cylinders whose numbers 
correspond be connected together? 


Ans. For convenience spark coils are commonly con- 
nected in rotation, no matter what the firing order may be. 


Ques. Would this method hold good on all engines? 

Ans. No. Only on those equipped with jump spark 
ignition. 

Ques. How should a “make and break” spark be timed for firing? 

Ans. The engine is turned over until the inlet valve 
of cylinder #2 seats, then given another half turn until 
piston ++r is at the top: The “‘snap release’ is now ad- 
justed on the sparker until the contact breaks; the same 
method applies to the other cylinders, determining their 
succession as before. 

Ques. Why must the position of the piston be determined more 
accurately than with the jump spark in a make and break spark 
engine? 

Ans. As a rule, a make and break device has not such 
a wide range of advance, and if the retarded spark should 
not take effect at the dead center, the spark could not be 
sufficiently advanced for the highest speed. 


The dead center of an engine may be determined as follows: 
At soine easily accessible place near the rim of the fly wheel, a 
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PLATE—BUICK TIMING GEARS, SHOWING POSITION FOR SETTING VALVES. 


, timing the Valves.—If, fot any reason it should become necessary to remove the cam 
shaft of crank shaft from the engine, care must be taken in replacing them to see that they are 
in the tight relation to one another or the valves will be ott of time. When replacing the crank 


shaft set the tooth on the cam shaft gear which has a single punch mark in the space on the — 


crank shaft gear marked to correspond. Then set ptimp shaft gear so that the space marked 


With two punch marks coitcides with the correspondingly marked tooth on cam shaft get | 


as shown, 


Timing the Ignition.—It is not wise for the average owner to attempt the removal of 


the cam shaft, as this is more properly a tepait shop job and there is nothing connected with 


it that wil) ordinarily need adjustment. ut if either the cam shaft or pump shaft be | 


retrioved, it will be necessary to retime the ignition, To time the spark, first make sure that 
the marks on the crank shaft and cam shaft gears coincide. , Then set the piston in cylindet 
No. 1, which is the first cylinder immediately behind the tadiator, on the upper dead center, 


This can be done by turning flywheel until the line marked ‘1 and 4" is opposite the marl on | 


the flywheel housing. See that both valves are closed by testing the rocker arms. If tiot, | 
turn, crank shaft through one complete revolttion to dead center again, Make sure that the | 
dead center has been located before working stroke instead of the one before the intake stroke, 
atid retard the spatk lever on the steering wheel as far as possible, Then revoive wheel until 
pointer registers with the 7 degree mark, Remove the cover of the Delco distributer whith 
carties the spark plub cables, and the distribtter disc just under it. This should éxpose thé 
breaker mechariism to view. The cam on the vertical shaft should just be leaving the bréaltér — 
point. If not, loosen sctew in breaker shaft and turn cam; then tighten screw, Replace dist 
tributer dise and note that the button coincides with the brass contact in the distributer head | 
to which No. 1 spark plug cable is attached. This is the firing position for cylinder No. 1, | 
and all the other cylinders should fite in proper order if the cables have not been disturbed. | 
If they have, attach them, to fire the cylinders, peetunitig with the ohe next the radiator, in the | 
following order: 1, 8, 4, 2 for four cylinder engine, and in the sequence 1, 4, 2, 6, 3, 5, fora | 
six cylinder engine, 2125 ; 
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pointer is fastened to the frame of the engine. At.the top of each 
cylinder there is, usually a plug or pet cock, which should now 
be removed. Next, having procured a smooth stick of wood, or a 
‘thin iron rod which will fit loosely through the hole in the top of 
the cylinder, it is inserted into the cylinder so that it rests upon 
the piston. The stick should be kept vertical. The engine ‘is 
turned so that the stick appears to be in the highest position, and - 
2 mark made on the stick with a pencil at the edge of the hole. 
Another pencil mark is made about 84 or 1 inch from the first 
mark. Now the engine is turned until the second mark corres- 
ponds with the edge of the hole, and a mark is made on the fly 
wheel corresponding with the pointer which has been fastened to 
the frame. The engine is turned over past the bottom center, 
until the mark again registers with the edge of the hole; at this 
point a mark is made on the fly wheel corresponding to the position 
of the pointer. With a pair of dividers or a flexible rule, the 
‘distance between these marks is bisected, and marked. ‘This 
latter mark is turned to the pointer, and cylinder +41 is on its 
exact top center. 


Ques. Would the top centers-of the other cylinders have to be 
found the same way? 


Ans. No, the other centers may be found from the first 
obtained mark on the fly wheel, thus: in a four cylirder 
engine +:4 would have the same mark as #:1./ For +2-and 
#3, another mark will have to be placed directly opposite 
the one of #1 and #4. In a six cylinder engine, one of 
the remaining cylinders would have a mark corresponding 
with the first, while a mark for each pair of the other 
cylinders would have to be placed at 120 degrees from 
the first mark, commonly spoken or as “placing them on 


thirds.” 


Ques. To what type of engine do the above explained methods 
apply? 

Ans. To engines that are supplied with 2n ignition 
battery or an ignition dynamo. 

Ques. In what way do engines equipped with a magneto differ 
trom those equipped with a battery? 

Ans. The magneto itself has to be “in step’ with the 


; engine. : 


4 
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Ques. Is there a difference between the timing of a high and of a 
low tension magneto? 

Ans. ‘There are certain points in the revolution of a 
magneto when the intensity of the spark is greatest; this 
should be taken advantage of whether it be a high or low 
‘tension magneto. 


Ques. How should a low tension magneto with make and break 
spark be adjusted? 

Ans. The sparking mechanism is adjusted the same as if 
a battery or dynamo were used, adjusting the various cyl- 
inders independently. The magneto, however, must be 
adjusted so that the most intense spark takes place at the 
moment of “break” of the contact. 


Ques. Explain a simple and practical way of timing a magneto. 


Ans. If the engine has been equipped with a magneto, 
the drive gears are marked on their rims so that with the 
marks on the different gears corresponding with each other, 
the magneto is in step with the engine. In such a case, 
if the gears have been shifted, it is a simple matter to 
replace them. If, however, no marks be present, the wires 
are connected to the terminals, and one of the valve 
chambers opened so that the spark points can be seen. 
The engine is now turned rapidly over by hand, and the 
spark noted. Marks are made on the gears with a pencil 
so this position can be found again if necessary. ‘The idler 
gear is now shifted a couple of teeth, and this position indi- 
cated with a different mark; the engine is again turned and 
the spark noted. This process is repeated, shifting the gears 
a couple of teeth each time. ‘The mark corresponding with 


the best spark should be selected and a permanent mark 


put on the gears. 


CYLINDERS ARE NUMBERED BETWEEN, VALVE OPENING 


SS 


VALVE, TIMING DIAGRAM FLYWHEEL MARKINGS. 


PLATE—TIMING THE VALVES. 


This is an operation which should be undertaken with caution and carried out With accu- 
racy, and by a person competent to do such work. The usual markings on the rim of the 
flywheel are as follows: ; 


1-4 up means, pistons of cylinders 1 and 4 are on top center. 
; ‘6 is 9° 3 we “ 


23up “ 

1-4, I-0 means, inlet valve of cylinder 1 or 4 opens. 

4c “ “ (hn ite G ft a aincea, 

1-4, E-0 “ exhaust “ 3 1 ‘' 4 opens. 

14,ECG ‘ fee Sees 1 ‘‘ 4 closes. ; 
2-3, I-0 inlet. “f  ~<S ee 2 “ 3 opens. 

2-3, Lc oe 6 oe “e 6 i) 2 oe 3 closes. 

2-3, E-O “ exhaust“ “ nt 2 ‘‘ 3 opens. 

2-3, E-C “ ‘“ ‘é “e “ ‘92 * 3 closes. 


The firing order is 1-3-4-2. 
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PLATE—TIMING THE VALVES—Text continued. 


The timing of the valves is perhaps best understood by reference to the diagram. It will 
be seen that the intake valve opens when the flywheel is 8 degrees past upper dead center and 
closes when it is 38 degrees past the lower dead center. 


The exhaust valve opens 46 degrees before the lower dead center, and closes again 15 de- 
grees past upper dead center; thus the inlet valve opens and closes late, whereas the exhaust 
valve opens early and closes late. 


The flywheel being eighteen inches in diameter, the following table gives the measurementeé 
in inches, of the valve operation when laid out on the rim of the flywheel: 


Dinmeten of fiywhteelseties. tees es ate bye. oS Rode Ee 0 PR ce eee 
dinletswvalveOpensmace: es Wo. fMMenns) Aus isla ial NRMn Sicilian cme ole ae 14% in. 
Tnletewatwe ‘closes latie-des pdinay sete: el krta ” whim bees saenat es ory Sure eis wait < ine ee Sea 
Exhaust valve opensseariya eases deny eee See Coe ae. asia) Sta ow oRinemm 
Hzhaustivalve closes lates... wo % a ss was ap > ce © oy SS lm) a) wt ye olen 


‘To determine whether setting of the valves is correct, proceed as follows, beginning with 
cylinder number one: 


Open the priming cocks over all exhaust valves, to make the turning of the flywheel easier. 


Turn the flywheel to the left until the mark 1-4 UP is in line with the punched guide mark 
on number 4 cylinder, as shown. Now pistons 1 and 4 are at their highest points in their 
cylinders, or on upper dead center.. About one and_a quarter inch to the right of the mark 
1-4 UP you will notice the mark 1-4? I-O. Turn the flywheel to the left until this mark is lined 
up with the guide mark on the engine. At this point the inlet valve of either cylinder 1 or 
cylinder 4 should begin to lift. 


If the lift should occur in cylinder 4, turn the flywheel one complete revolution, until the 
mark 1-4, I-O again appears on top and in line with the guide mark. Now watch or feel the 
inlet valve ‘stem; it should just begin to lift from its seat. 


To determine the closing point of the same inlet valve, turn the flywheel, a little more than 
a half revolution, until the mark 1-4, I-C. appears on top. With the flywheel in this position, 
the inlet valve should be closed and there should be just enough space between the top of the 
valve lifter and the toe of the valve stem so that a thin visiting card can be placed between them. 
At the factory, stem and lifter are set so that the distance between them is exactly twelve 
thousandths of an inch; this clearance is necessary to compensate for the expansion of the valve 
stem when it becomes hot during the operation of the engine. 


If adjustment be necessary, loosen the lock nut on top of the valve plunger and screw the 
adjusting nut up or down, as required. 


If the play between plunger and valve stem be too great, the result will be noisy operation; 


if the adjustment be too close, it may prevent the valve seating fully. 


Next, test the exhaust valve, again bringing 1-4 UP to the top, and turning the flywhee 
to the left until the mark 1-4, E.C appears in line with the guide. 


After testing the closing of the exhaust valve of cylinder number 1, test its opening by 
revolving the flywheel until the mark 1-4, E-O comes to the top.; Then go carefully over 
the valves of cylinder number 4, and of numbers 2 and 3. 


_A slight variation of the flywheel markings to the right or left of the guide mark is per. 
missible, but it should not be greater than a quarter of an inch. 


NOTE.—The dimensions above apply to the Overland car; the principles, to any car. 
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Ques. What is important to observe when attaching a magneto 
to an engine? 


Ans. That the drive and driven gears be keyed to taeir 
shafts, after the right position is found. 


Ques. Wnen the magneto sas been timed to give the best spark 
at the top center, will advancing the spark lever make any difference? 


Ans. ‘The spark would not be as intense if the speed 
of the engine remained constant, but as the spark is advanced 
for high speeds only, the increased speed of the magneto 
will more than make up the deficiency and produce an even 
better spark. 


Ques. Is the speed at which the magneto is driven important? 

Ans. As there are two dead points during each revolu- 
tion of the magneto, it should be geared so that none of 
the dead points correspond with the sparking periods. 


Ques. How may a low tension jump spark magneto be titned? 

Ans. When equipped with a multiple unit coil and timer, 
the same rules as applied to a battery equipment will be 
applicable, but the magneto may be timed the same as for 
the make and break engine, by turning and testing the spark. 
The spark plugs may be taken out and laid on the cylinder, 
with the cables connected, thus making the spark visible. 

Ques. When a distributer is used, will there be any other points 
to observe in timing? 

Ans. ‘The distributer must be timed so that the rotor 
contact registers with one of the terminals for the spark 
cables for each cylinder before the spark is to take place. 
The contacts must follow the regular firing order of the 
cylinders. 

Ques. If the magneto be equipped with a self-contained coil, 
would this make any difference in timing? 

Ans. The same rules hold true: the only difference is 
in the wiring. 
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Ques. How is a high tension magneto timed? 

Ans. ‘The cables must be connected to the spark plugs 
in the regular firing order of the cylinders to determine the 
order of sparking of the plugs. They may be laid on the 
cylinder heads while the magneto is being turned over. 
The gears must be shifted one tooth at a time until the 
spark takes place at the right time, which is at about the 
top center when retarded. 


VALVE LIFT 
CLEARANCE. 


Figs. 122 to 124,—The successive position of a valve lifting cam, 


Ques. How is the speed of a magneto determined? 

Ans. By the number of cylinders, as well as the cycle 
of the engine. 

“ Ques. What would be the proper speed of a magneto for a four 
cylinder, four cycle engine? 

Ans. Since there must be four explosions for each two 
revolutions, and as each revolution of the armature pro- 
duces two sparks, there must be one revolution of the arma- 
ture for each revolution of the engine. 
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PLATE—DIAGRAMS ILLUSTRATING VALVE ACTION OF THE SPEEDWELL 


ROTARY VALVE ENGINE. 


The valves, as shown, consist of cylindrical shafts in the head of the engine. These shafts 
are slotted and in rotating, register with ports in the cylinder walls thus performing their 
functions of intake and exhaust. With all other prevailing types (the Knight or sleeve valve 

--excépted) a poppet valve is used for the functions of intake and exhaust. The poppet valve 
48 operated up and down through coil springs and cams. 


The rotary valve movement isa continuous revolution in one direction. The diagrams 
illustrate different positions of rotary valves at the beginning of each of the four cycles. The 
‘arrows within the cylinders indicate the direction of rotation of rotary valves—the arrows out- 
side-indicate the direction of live gas passing in and the exhaust gas passing out. 
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Ques. What would be the magneto speed for a three cylinder, 
two cycle engine? 


Ans. Since three explosions take place per revolution, 
_the armature must make one and one-half revolutions for 
each turn of the crank shaft. 

Ques. If the cam shaft gears should be shifted, how would this 
affect the engine? 

Ans. It would throw the entire valve motion, as well 
as the ignition device, out of time. 


Ques. What is most important to observe before starting to time? 
Ans. To examine the valve gear to ascertain whether 
the valves open and close at the proper time. 


Ques. If the valves be out of “time,” what is the proper way to 
proceed? 


Ans. First examine the valve stems and push rods for 
lost motion, which should be no more than the thickness of 


heavy paper. 


Ques. If this lost motion in the valve stems and push rods has 
been taken care of, should 'the gears be disturbed? 


Ans. No, the engine should again be turned over and 
the valve action observed, when it will be found that the 
valves open earlier and close later. 


Ques. Why should lost motion affect the valve action thus? 

Ans. Referring to figs. 122 to 124, it will be seen that the 
cam raises the roller, including the push rod, to its full height. 
If however, there be a space, equal to the clearance indicated 
by the dot and dash circle, between the push rod and the 
valve stem, the push rod has to raise an amount equal to 
the clearance before it has any effect on the valve, and the 
cam has turned into position 1, and, after passing position 
2, is commencing to close, the lost motion would affect it in 
the opposite way, as shown at 3, thus reducing the time of 


opening materially. 


218 AUDELS ANSWERS 


Ques. Ifafter taking care of the lost motion, the valve mechanism 
is found to be out still, what will be the next step? 


Ans. ‘To change the position of the cam shaft drive 
gears with respect to the driving gear until the correct timing 


is obtained. 


_ Figs. 125 to 130,—Valve timing diagrams, showing timing of valves for one 
cylinder engine, 


Ques. What is meant by the valve being late? 


Ans. ‘The valves open and close late as compared to 
the movement of the piston. 


Ques. Explain this by referring toa diagram. 

Ans. In figs. r25 to 130, at 1, an engine is shown at the 
head center, and at 2, the same engine is shown at the crank 
center, the rotation being indicated by the arrow. At 3, the 
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position of the crank at exhaust opening is shown, which 
varies from 35° to 40° from the bottom center of the power 
stroke in various engines. At 4, the exhaust closes about 
5°-10° beyond the top center of the exhaust stroke. At 5, 
the inlet opens about two degrees after the closing of the 
exhaust, and at 6 the inlet valve closes and compression 
commences. Now, if by turning the engine over, the exhaust 
vaives be found to seat at or before the dead center, it is 
plain that it closes 5°-10° too early, and must have opened 
the same amount too early. Also, if the inlet valve should 
be found to open on or before the top center, it must also 
have closed too early, and thus prevented the engine tak- 
ing a full charge. 

Ques. Is the operation of the exhaust and inlet valves dependent 
upon each other? 

Ans. If all of the valves be operated by the same cam 
shaft, the valves are bound to be “in step’’ with each other, 
providing there is no excessive lost motion, but if one of the 
valves be early or late, it is evident that they are all out of 
time. 

Ques. What might happen if the exhaust and inlet valves be 
operated by separate cam shafts? 

Ans. Both sets of valves may be out of time with each 
other, at the same time being out of time with the pistons, 
or one set may be in time with the pistons, while the other 
set is out of time. 

Ques. Could an engine run under any of the above named con- 
ditions? 

Ans. The valves may all be considerably out of time, 
and the engine will still run but at the expense of reduced 
power, increased fuel consumption, and excessive vibration. 


Ques. How is improper timing detected? 


Ans. By unsteady action, especially at the higher speeds. 
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Ques. If the valves be out of time, and there be no lost motion, 
what must be done? 

Ans. One of the pistons, say, #1, in fig. 121 is put on 
top center, a space amounting to about 5°-10° is then marked 
off on the fly wheel rim, and the engine turned ahead until 
this mark comes even with the center pointer; the gears 
of the exhaust cam shaft are then shifted so that the exhaust 
cams just allow the valves to remain clear of their seats. 
The engine is then turned ahead about 2°, and the inlet 
valve shaft shifted until the inlet valve commences to raise. 


bg 


CRANK SHAFT CRANK SHAFT 


Figs. 131 and 132.—Diagrams showing rotation of cam shafts with a 
direct gear drive, 


Ques. When shifting the cam shaft to make the valves earlier 
or later, should it be turned respectively, with, or against the direc- 
tion of rotation of the crank shaft? 


Ans. That depends upon the gearing. If the cam shaft 
gears mesh directly into the crank shaft pinion, the cam 
shafts revolve in an opposite direction than the crank 
shaft, and to make the valves earlier, the cams must be 
turned in the direction followed by the cam shafts, which is 
opposite that of the engine. Most engiies have an idler 
gear between the crank shaft and the cam shaft gears; in 
such a case the cam shafts revolve in the same direction as 
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PLATE—BUICK VALVE AND VALVE CAGE. 


To Grind the Valve.—First remove cotter pin and washer on the end of the rocker arm 
shaft. Next press down on the valve stem to compress the spring, then lift the tappet rod out 
of its socket in the push rod on the crank case. If rod will not clear at first, turn engine over 
‘to get the push rod off of its cam. ‘The ball on the upper end of the tappet rod will now slip 
out of its socket in the rocker arm and the rocker arm will slip off over the end of the shaft. 


With the special spanner which will be found in the tool box, unscrew the notched ring 
which holds the valve cage in the cylinder head. With a hammer, strike the end of the valve 
stem alight, sharp blow. This will loosen the cage and it may easily be withdrawn. Be careful 
not to injure the small gasket which fits around its top. 

Grip the valve cage in a vise, first ee the jaws with strips of copper or wood to prevent 
marring the cage. Remove the wire which is threaded through the key and press down on 
the spring until the key can be slipped out. Remove the spring and washers, This should 
leave the valve free to slide up and down in the guide. 

Now lift the valve from its seat and after carefully cleaning off all carbon or dirt, smear the 
chamfered edge of the valve with a little emery flour mixed with oil, or with one of the valve 
grinding compounds now on the market. 

Replace the valve and with an oscillating motion turn the valve back and forth on its seat. 
Don’t turn too long in one place but keep continually lifting the valve from its seat and re- 
placing it in another position to thoroughly distribute the abrasive material. Do not put too 
much pressure on the valve. 

Remove the valve and wipe it clean frequently, and as soon as the valve and valve seat 
both show a bright ring 1 of an inch wide all the way around, stop the grinding. Be careful 
to clean out all traces of the abrasive material with gasoline before replacing the valve. 


Replace spring, washers, key, etc., and replace valve cage in the cylinder by reversing the 
operation described above for removing it, but be careful to see that the round hole in the 
circumference of the cage registcrs with the opening into the manifold. Remove only one valve 
at a time from the cylinders and there will be no danger of getting valves or tappet rods mixed 
in returning them. Be sure to replace the small gasket before screwing down the ring. See 


that it is put in right side up. 
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the crank shaft, and the cams shift with or opposite the 
engine to make then respectively early or late. This is 
illustrated in figs. 131 to 134. 

Ques. If all valves be driven from one cam shaft, is it possible 


that one or more of them may be timed correctly, while the others 
are out of time? 


Ans. On some engines the cams are made independent 
from the cam shaft, and are keyed to the latter, hence, it 
is possible that, in overhauling the engine, some of the 
cams may have been replaced wrongly. 


CRANK SHAFT CRANA SAAPP 


Figs. 133 and 134.—Diagrams showing rotation of cam shafts when an 
intermediate idler is used. 


Ques. Is this possible if the cams be forgec. with the shaft? 

Ans. Although the cams cannot be shifted out of time 
with each other, it is possible that the surface of some may 
be worn more than others, or on such engines where the cams 
act upon rollers carried by the end of the push rod, asin 
figs. 122 to 124, or by a carrier as in fig. 135, the roller and 
pin may be worn to such an extent as to make proper timing 
impossible, without removal of the worn parts. 


Ques. Could this lost motion be taken care of when adjusting the 
Jost motion between valve stems and push rods? 


Ans. No, between valve stem and push rod only the 
lost motion in the direction of the valve travel can be 
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adjusted. The lost motion in the rollers, the carrier sus- 
pension, or the push rod bushings, acts in a direction at 
right angles to the valve travel, and affects the timing in 
the manner shown in figs. 136 to 138. 


Ques. Will wear of the gear teeth affect the timing? 


Ans. Very little, even if the teeth be worn considerably, 
the difference between the diameter of the gears and that 


Fig. 135,—Valve cam device with roller mounted on carrier. This design 
is frequently used to reduce the side thrust upon the push rod. 
of the cams is so great that the gears would be worn out 
before the timing would be materially affected. 


Ques. What would be the main objection to lost motion in the 
gear teeth? 


Ans. The noise. When the cams raise the valves 
against the spring action, the tension upon the teeth is 
upon theit driving faces, while when the valves seat again 
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lig. 136.—Roller and carrier with 
joints badly worn shown in lifting po- 
sition. The cam and roller shown by 
the dotted lines indicate the position 
of these parts if there were no lost 
motion. Theangle between the dotted 
and solid cams is the angle of rotation 
lost due to lost motion. 


Fig. 137.—Roller and carrier bad- 
ly worn shown while the valve is seat- 
ing. The angle lost in this case is 
just the same as the angle lost during 
lifting; the sum of the two angles re- 
presents the total loss in angular mo- 
tion. 
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by the spring action, the tension upon the teeth is on the 


reverse side, causing the gear teeth to clatter fore and back 
several times during each revolution. 


Fig. 138.—Valve push rod with roller shown in lifting and seating posi- 
tions, showing the serious defects of a worn push rod bushing. The dotted 


cams and rollers indicate the position these parts would have with the same 
amount of lift if there were no lost motion. 
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PLATE—OVERLAND VALVE GEAR. 
.__ Verifying the Clearance.—When the valve stem toe is in the lowest position you should 
just be able to insert a thin visiting card between it and the plunger. This is the proper ad- 
justment for both intake and exhaust valves, 

Attention to the valve stem clearance usually becomes necessary when the valve becomes 
lowered as the result of repeated grindings. If the valve have more than that clearance between 
stem and plunger, change the adjustment as follows: 

Loosen the locknut on top of the valve plunger and screw the adjusting nut upward until 
the proper adjustment is obtained, F 

Remove and grind in one valve at a time and be careful to return the valve to the cylinder 
from which you removed it; this is important. Also, do not put an inlet valve spring in the 
Place of an exhaust valve spring, which has greater tension. 

Asa rule, the intake valve requires less attention than the exhaust valve, because the former 
comes into contact more with the incoming fresh fuel charges, whereas the latter is Sp 
‘come fouled by the burnt up and dirty exhaust gases. Judicious lubrication will 
necessity for valve grinding down to reasonable limits, 
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GAS ENGINE OPERATION 


The management of an engine embraces, in addition 
to the attention given the engine, the adjustment and 
care of the fuel, cooling, and ignition systems. A knowl- 
edge of ignition and the carburetter therefore is the chief 
requisite for success. A careful study of the chapters 


Vig. 139 —Illustrating the adaption of a large wrench to a smal! nut. 
After the wrench is applied to the nut or b lt head, in the ordinary way. with 
one hand, and before beginning to turn it, the wrench jaw is packed with the 
blade of a screw driver, or with a bit of nietal or hard wood held in the other 


hand, as shown in the cut. 


devoted to these subjects is especially recommended. The 
automobile engine, although having reached a high degree 
of perfection is a piece of machinery requiring the same intel- 
ligent attention in its care and management as any other 
high class machine, in order to obtain the best results. 


-For successful operation of a gas engine, the operator 
must not only understand the necessary conditions of 
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working and control, but must know how to meet the 
numerous disorders and mishaps that may be encountered 
as those arising: 


1. From faulty construction, which, however, will be 
seldom experienced with well made automobiles; 
2. From careless or ignorant handling, such as: 


Insufficient lubrication; 

Faulty adjustments; 

Exhaustion of the fuel, ignition current, or jacket water; 
Racing; 

Overheating. 


PO 


3. From any one of a number of cisorders in the ignition 
apparatus; 

4. From poor gasoline, or ued adjustment of the 
carburetter; 

5. From worn or broken parts. 


By far the greater ae poriae of gas engine troubles 
result from some derangement of the sparking system. 
Second in importance come troubles with the fuel mixture. 
Both the electrical apparatus and carburetter may require 
attention. 


Answers Relating to Supplies for the Engine 


Ques, What supplies must be provided before starting the 
engine? 


Ans. Gasoline, lubricating oil, and circulating or cooling 
water. 
Ques. How should the gasoline tank be filled? 


Ans. The liquid should be strained to guard’ against 
the carburetter passages becoming clogged by foreign matter 
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that may be contained in the fuel. A chamois skin or wire 
netting having a very fine mesh may be used as a filter. 

Ques. What substitute is sometimes used for gasoline? 

Ans. In localities where gasoline is very expensive, 
as in California, number one distillate may be used, which 
works nearly as well except that it is necessary to prime the 
carburetter with gasoline in starting the engine when cold. 


Fig. 140.—Showing usual location of tank and exhaust pipe. ‘The latter 
passes under the tank and the construction should be such that the pipe is 
well secured to prevent vibration, 

Ques. What next should be done after filling the tank? 

Ans. ‘The filler cap should be replaced, and care taken 
that the small hole in the center of the cap is open so that 
air may be admitted as the fuel is used. This prevents 
the pressure within the tank becoming less than that of the 
atmosphere. 

Ques. What attention should be given to the fuel supply pipe? 

Ans. The fuel supply valve should be opened, and after 
sufficient time has elapsed for the float chamber of the car- 
buretter to fill, it should be noted that the float pin is up. 
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When the float pin is up it indicates that the float chamber 
has received a supply of gasoline from the tank. If the pin remain 
down, there is some obstruction in the supply pipe preventing 
the flow of the liquid to the carburetter. 


Ques, «What attention should the radiator receive? 


Ans, )9ft' should be filled with clean water. As with 
the fuel; ;the same care should be taken with the. water, 


ALLER (PUUG——— 


Fig. 141.—The Iranklin gasoline tank. ‘The tank is divided by the wall 
A into two compartments, called main tank and auxiliary or reserve tank. 
It should be noted that in order to fill the reserve tank there must be 
enough gasoline in the main tank to flow over the dividing wall A. Each 
tank has its own outlet pipe, but they both run to the same valve, which is 
mounted on the sill below right front seat. This valve is so arranged that when 
the lever B is horizontal and pointing toward the tear (thus covering the 
word ‘‘closed’’) gasoline from both tanks is shut off. When the lever B points 
down, the gasoline in the main tank is free to flow to the carburetter.. When 
the lever B is horizontal and pointing forward, the gasoline is free to flow 
from the reserve tank to the carburetter, Thus, when the supply of gasoline 
in the main tank is exhausted, there is a reserve supply obtainable by turn- 
ing the valve into reserve position, 


to see that it is free from any foreign matter; the latter may 
clog the restricted passages of the radiator and impair its 
efficiency. 


After filling the radiator, it is advisable to turn the engine 
over several times to allow the water to circulate through the 
cooling system and fill any air pockets that may kave formed: 
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this will be indicated by a lowering of the water level in the radia- 
tor, in which case more water should be added. If the car be driven 
in winter, a good non-freezing solution should be used. 


Ques. What extra care should be taken when preparing for a 
- long run? 

Ans. On such occasions, both the gasoline and water 
tanks should be tested. 


Ques. How may the amount of fuel and water in the tanks and 
radiator be determined? 

Ans. Some automobiles have glass gauge tubes fixed 
to the fuel and water tanks so that the level of the liquids 
may be determined at a glance. In others, it is a simple 
matter to test the level by inserting a stick in the filling hole 
and noting the height to which the liquid rises on it: the 
fuel level may be tested in this way, if the stick be withdrawn 
quickly and examined before evaporation takes place. 


Answers Relating to Lubrication and Lubricants 


Ques. Having filled the fuel tank and radiator, what next should 
receive attention? 

Ans. All the working parts requiring lubrication. In 
general it is well to adhere to the manufacturer’s instruc- 
tions in the performance of this task. ‘The transmission 
case, the steering gear case, and the rear axle housing may 
be supplied with a mixture of oil and grease which insures 
lubrication for the gears and bearings. The transmission 
case requires, under ordinary conditions, gear grease mixed 
with heavy oil about once a month. The bevel gears, 
differential, steering gear, and wheels are sometimes packed 
with a non-fluid lubricant sufficient to last several months. 


quality of oi! 
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Ques. Should a different grade of oil be used with air cooled 
cylinders? 


Ans. Yes; air cooled cylinders being hotter under work- 
ing conditions than water cooled, require a lubricant capable 
of withstanding higher temperatures than that sett | by 
the latter, 


Answers Relating to Adjustments Preliminary 
to Starting 


Ques. What important adjustments should be made before start- 
ing the engine? 


Ans. Itis necessary: 1, that the brake be set, in order to 
release the clutch so that the car cannot start until desired, 2, 
that all parts of the lubricating system are in working order, 
all connections opened, and the supply of oil sufficient, 3, 
that the ignition circuit be closed, which involves examina- 
tion of all switches, to insure certainty that they are on 
‘the “‘closed’”’ point, 4, that the carburetter control levers be 
placed in position for ensuring the richest mixture under 
‘operating conditions, in order that, even with the low suction 
at starting, sufficient power may be obtained for a good 
headway, 5, that the lever on the spark control quadrant 
stand at the extreme ‘“‘back’’ position, fully retarding the 
spark, and 6, that the throttle be opened partly; it should 
not be opened any further than necessary in order that the 

engine will not race after cranking. 
..,.;,Ques. How should the spark and throttle be adjusted before 
starting? 
fal Ans. On account of the slow speed at which the engine 
jis turned over in cranking, it is necessary that the throttle 
“have a large degree of opening and that the spark be fully 
retarded because of: 1, the weak suction of the piston at 


939 _ AUDELS ANSWERS 


slow speed, 2, the need of ensuring a mixture that will ignite 
under such conditions, and 3, the danger of bodily injury 
from a “back kick’? of the engine, which is liable to occur 
with an early spark at slow speeds. 


It may be well to repeat here that the operator should 
never attempt to crank the engine until: 

1, The brake is set, releasing the clutch; 

2. The transmission lever is placed in the aeutral position. 

3. The spark fully retarded. 

The neglect of this precaution may be followed hy serious 
injury. 


Answers Relating to Cranking 


Ques. What is cranking? 


Ans. The act of rotating. an engine by means of the 
crank handle in order to start it, Turning it over a few 
times by hand will—if all the mechanism be in proper working 
order—cause the engine to take up its cycle and continue | 
to rotate. 


Ques. What is the proper method of cranking? 


Ans. ‘The operator faces the car and grasps the crank 
handle with the four fingers of the right hand, allowing the 
thumb to lie along the handle. The crank is now raised to 
its highest position, pressed in towards the car and turned 
downward. If, at the beginning of this movement, it turn 
hard indicating compression, the operator should allow the 
crank to spring out of engagement with the shaft and revolve 
backward far enough so that he will pull “up” against 
compression, 
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An engine should never be cranked downward against 
compression, for in case the spark has not been fully retarded, 
the pressure of the early explosion may overcome the momen- 
tum of the fly wheel and drive the handle violently backward, 
resulting in, perhaps, a seriously sprained wrist or broken arm. 


Ques. What method should the beginner pursue? 


Ans. It is advisable that he make two or three turns 
with the switch off, then a final turn with the switch on, 
when the engine should start. 


RIGHT WAY WRONG WAY 


Vigs. 143 and 144.—Illustrating right and wrong methods of cranking an 
engine. As ordinarily practiced, the hand is so placed that the thumb and 
fingers encircle it. Such a method is decidedly unsafe should the operator 
press down on the crank and a back fire occur. The correct method is to 
place the thumb on the same side of the handle that the fingers are placed, 
so that the handle is not entirely encircled, allowing the handle to slip out of 
the grasp when it is bcing pressed down, and permitting the fingers to release 
the handle if it is being pulled up, at the time of the back fire. 


Another method consists in turning the handle till sure 
he is pulling upward against compression, then relieving the 
compression.somewhat by partly opening and closing the 
relief cock after which the turn is quickly completed. 
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Ques. How may a multi-cylinder engine ‘be started when the 
compression is good? 


Ans. The primary switch is first opened, and the engine 
turned over a few times until a fresh charge is obtained in 
each cylinder. The operator then mounts the seat, and after 
closing the switch, the spark lever is quickly pushed forward 
as far as it will go. This operation usually causes a spark 
in one of the cylinders and starts the engine. 


Fig. 145.—Method of grinding valves in horizontal cylinders. A block of 
steel B is held against the head of the valve V and the latter rotated on its seat 
by means of a screw driver blade S inserted in the slot in the stem, the face 
having been previously trued by a truing tool. In cases where the stem of 
the valve has no slot, a pair of gas pliers can be used to grip it, being careful 
in so doing not to mutilate the threads thereon, 


Ques. What should ‘be kept in mind while cranking? 


Ans. The operator should not forget that a few rapid 
turns of the crank handle will do more towards starting an 
engine than many minutes of slow grinding. _ 


' If there be good compression and the engine will not start 
after four or five turns, it is useless to continue. 


~ Ques. How should the spark and throttle be adjusted after 
starting? Pei es 


Ans. When the engine has come to speed, the spark is 
advanced, and the throttle opening reduced, Uae 


PLATE—REMOVING AND GRINDING FORD VALVES. 


To remove valves, 1, drain radiator; 2, remove cylinder head; 3, remove the two valve 
covers on the right side of engine; 4, raise the valve spring with lifting tools and pull out the 
little pin under the valve seat. The valve may then be lifted out by the head preparatory to 
grinding. 

To grind valves.—For this work use a good grinding paste of ground glass and_oil— 
procurable from auto supply houses. A convenient way is to put a small amount ina suitable 
dish, adding a spoonful or two of kerosene and a few drops of lubricating oil to make a thin 
paste. 

- < Place the mixture sparingly on the bevel face of the valve. Put the valve in position on 
the valve seat, and rotate it back and forth (about a quarter turn) a few times, with a Ford 
grinding tool. Then lift slightly from the seat, change the position and continue the rotation, 


and keep on repeating this operation until the bearing surface is smooth and bright. The 
valve should not be turned. é : 
234a 
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_ On account of the spark and throttle adjustments necessary 
in cranking, the engine, when started, will begin to race unless it 
be fitted with a governor, hence, the operator should reduce the 
throttle opening without delay and advance the spark so the en- 
gine will run at its slowest speed while the car is standing. The 
throttle lever should be pushed all the way back, this does not 
close the valve entirely but leaves sufficient opening to supply the 
minimum charge to the engine. 

_ If there be a mechanical governor on the engine, the throttle 
will shut down automatically as the engine speeds up. 


Fig. 146.—Method of using a screw driver for valve grinding. A handful 
of waste or a cloth is put in the valve port to protect the cylinder, and the valve 
face coated with a paste of the emery powder and oil and put in place, The 
handle of the screw driver is now held between the palms of the hands as in 
the sketch, and a series of oscillations through a small arc given to the valve 
by moving the palms in opposite directions. After about thirty of these 
oscillations have been given, the valve is lifted from its seat, given a half turn, 
and reseated for further grinding in the same manner. This operation should 
be continued with occasional additions of oil and emery, until the valve face 
and the seat appear to be bright for their full width around the circle. 

Fig. 147.—Method of grinding a valve with a drill stock. A screw driver 
bit is inserted in the chuck and the operation conducted as in the case where 
a screw driver is used. The crank should be rocked through a small arc in- 
stead of being rotated. The spring A is fitted within the valve chamber to 
unseat the valve when it is desired to examine it. 
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Answers Relating to Defective Engine Operation 


Ques. In general, what causes failure to start? 


Ans. In most cases this is due to some faulty adjust- 
ment or defect of the carburetter or ignition system. 


Ques. What are the indications of misfiring? 


Ans. Misfiring, that is, the missing of one or more 
cylinders, may be recognized by irregularity of motion, 
gradual slowing down, and, generally, by after firing, that is, 
explosions in the muffler. 


If the trouble cannot be located in one of the cylinders, the 
inference holds that there is some general derangement of the 
ignition circuit, or, the fuel mixture is not right. 


Ques. What is back firing? 


Ans. The ignition of the charge at such a point in the 
cycle that the motion of the engine is reversed. 


Ques. What is “back kick?” 


Ans. The result of back firing during cranking. If back 
firing should occur while the operator is holding the crank, 
it produces a back kick, which is liable to dislocate his 
shoulder or do other injury unless the crank throws off 
automatically. 


The term back firing is also applied to an explosion occurring 
during, or at the end of the inlet stroke, when the gas in the car- 
buretter mixing chamber is ignited. This is due generally to a 
loose or defective inlet valve, a pitted inlet valve seat, smoldering 
carbon residue in the cylinder space, or a spark due to a disar- 
ranged ignition circuit. The presumption is that the inlet valve 
needs grinding, 

Back Firing or ignition at the wrong point in the cycle, with 
reversed piston movement, must be carefully distinguished from 
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after firing, or explosions in the muffler or exhaust pipe. Occa- 
sionally the same term is erroneously applied to both mishaps. 


Ques. What are the causes of back firing? 
Ans. It may be caused by the overheating of the cyl- 


inder walls, due to insufficient heat radiation (in an air 
cooled engine) or too little jacket water (in a water cooled 
engine). 


FILLING. NOZZLE. 
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Fig. 148.—Thomas engine installation. At the side is seen the water 
pump and lubrication system; the figure also illustrates the connection be- 
tween the pump and the water jacketed carburetter for warming the mixture 


in cold weather. 


This should empnasize the necessity of keeping the water 
supply sufficient for all needs, and of assuring the proper operation 
of the circulation system, pump, radiator, etc., before starting the 
engine. 
Back firing is sometimes catised by soot deposits within the 
combustion space, due to carbonization of excess oil, etc. Such 
deposits will readily ignite and smolder, and will thus furnish an 
almost certain source of ignition during the compression stroke. 

| 
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Ques. Name some defects which cause difficulty in starting? 


Ans. 1. An obstruction in the jet of the carburetter, 2, 
a too weak suction, 3, insufficient tension of the auxiliary 
air valve spring, or 4, insufficient retarding of the spark. 


Ques. What is ‘running down’’? 


Ans. ‘This term applies to the faulty operation of an 
engine when it starts well, runs for awhile, then slows down 
and stops. 


Ques. State some of the causes of running down. 


Ans. ‘The principal causes are: 1, water or sediment 
in the carburetter, 2, loose connections, breakdowns, or 
any other disarrangement of the ignition, such as would 
otherwise interfere with starting, 3, weak or imperfectly 
recuperated battery—frequently the jatter—that suddenly 
fails to supply current, 4, a leak in the water jacket that 
admits water to the combustion space, 5, ‘‘seizing’’ or stick- 
ing of the piston in the cylinder on account of failure of the 
cooling system, 6, heated bearings that seize and interfere with 
operation, 7, poorly matched or badly adjusted new parts, 
particularly pistons, that cause heating and perhaps seizing 
from friction, and 8, lost compression, from stuck valves, 
leaky piston, ete. 


Seizing of the piston on account of failure of the cooling 
system may result, in a water cooled cylinder, from: 


a. Exhaustion of the water; 

‘b. Stoppage in the pipes or pump; 
c. Breakdown of the pump; 
d. Failure of the oil supply; 


In an air cooled cylinder, seizing may result from: 


a. Insufficient radiation surface; 
b. Obstructed air circulation. 
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Ques. Mention some conditions that will cause a loss of power 
without misfiring. 

Ans. ‘The chief cause for an engine to fail to deliver 
its full power with good ignition is poor compression. A 
fuel mixture either too weak or too strong will reduce the 
power of the engine. If the bearings be too tight, there 
will be a loss of power due to the additional friction set up; 
bearings when too tight will heat, and a touch of the hand 


Fig. 149.—Steering wheel and attachments. _ A is the wheel rim; B, a spoke 
or arm of the three arm spider; C, sector for sliding arms, D and E; D, throttl- 
ing arm and handle; E, spark regulating handle. The throttle is opened by 
moving the handle clockwise around the sector; the spark is advanced by moy- 
ing its handle in the same direction. 


will give indication of their condition. Another source of 
loss of power is a defective clutch which slips and does not 
transmit all the power delivered by the engine. Brake 
rods sometimes get out of adjustment, allowing the band 
to remain in contact with the drum, thus absorbing more 


or less power. 
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Ques. What may be said of low compression? 

Ans. Low compression means absence of a sufficient 
quantity of gas mixture to give a good power effect. When 
little or no compression manifests itself as a resistance to 
cranking, it is certain that the operation of the engine will 
be defective, provided it can be started at all. If the engine 
should lose compression after it has started, it will misfire 
and slow down. 


Ques. State the causes of low compression. 

Ans. ‘This condition results from a leak in the com- 
bustion chamber, due to: 1, a sticking (automatic) inlet 
valve, 2, pitted or corroded exhaust valve, 3, a weak spring 
on the exhaust valve, 4, loose or open compression cock, 5, 
leaky piston, 6, defective gasket in the cylinder head, 7, 
worn or loose thread at the insertion of the spark piug, 8, 
broken valve or valve stem, 9, worn or scratched cylinder 
wall, and 10, a valve stem that is so long that it touches the 
end of the push rod when the engine is cold. 


Ques. What should be done in case of low compression? 


Ans. All the joints and cylinder gaskets should be 
examined for leaks. 


Ques. How may leaks at the openings into the cylinder be 
detected? 


Ans. ‘The escape of compression around the spark plug, 
relief cock, or other opening into the cylinder may be 
detected by the application of a little soapy water; if there 
be a leak it will be indicated by the formation of bubbles. 


Ques. What indicates a leaky piston or a broken ring? 

Ans. A leaky piston causes a hiss inside the cylinder; 
a sharp hiss indicates a broken ring. 

Ques. What causes the inlet valve to stick? 


Ans. Usually an incrustation of gummed oil. 
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Ques. How should the length of the valve stem be adjusted? 
Ans. If too long, the end of the valve stem should be 
filed until a card can be inserted between the stem and the 
end of the push rod. 


Ques. What causes a leaky piston? 

Ans. Worn or broken piston rings; shifting of the posi- 
tion of the piston rings so as to bring the openings on their 
circumferences into line. 


Fig. 150.—Pope-Hartford engine. A, valve operating lever grease cups; 
B, valve operating lever; C, valve cage cover; D, cylinder hold down nut; 
B, timing gear case cover; IF’, cooling fan; G, cooling fan belt; H, carburetter; 
I, carburetter hot air pipe; J, gasoline inlet upper pipe; K, engine crank case 
cover; L, engine crank case hand hole cover; M, spark plug; N, ignition wire 
tube; O, weter return pipe; P, fan bracket. 


Ques. What is a carbonized cylinder? 

Ans. A cylinder whose walls and valve chambers during 
operation have become coated with a deposit of a hard, in- 
durated form of carbon, similar to gascarbon. ‘This carbon is 
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a deposit of heat decomposition of the fuel or lubricant, or 
both, under pressure, and in the presence of too little air for 
combustion. 

Ques. How is the formation of carbon within the cylinder usually 
indicated? 

Ans. By the frequent occurrence of pre-ignition, due 
to projecting points of red hot carbon within the cylinder. 


Ques. What causes the formation of carbon in the cylinder? 

Ans. Too rich a mixture almost invariably results in 
the formation of carbon, which also follows upon the use of 
oils that do not stand high enough temperatures, or that 
are otherwise of poor quality. 


The formation of carbon is also caused by delayed opening of 
either exhaust or inlet valves, not providing enough time for the 
exhaust. 

Ques. Describe the action of carbon in a cylinder? 

Ans. Carbon, when present in lumps, will tend to 
become red hot and cause pre-ignition. Small particles 
may catch on the valve seats, holding the valves open and 
causing loss of compression and power. ‘The carbon that 
catches in the piston rings and their grooves may so bend 
the rings as to prevent their even contact with the cylinder 
walls so essential to good compression, and, in addition, 
may score the cylinders. 


Ques, How may carbon be removed from the cylinder? 

Ans. It is scraped off with hard, sharp edged tools. 
For cleaning out the ring grooves a special tool should 
be used, made to fit so closely as to leave no deposit 
under its end or by its edges. Keeping the deposits moist 
with kerosene will facilitate their removal; soaking with 
-kerosene for hours or even days will be still better. For 
surfaces that can be reached in this manner, and that will 
not be injured by the wear it will cause, finishing may be — 
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done with coarse emery cloth, held in the hand or around 
a stick. 


It is to be understood that it is a rather long and tiresome job 
at best, to thoroughly clean all parts of a badly carbonized engine, 
but the improvement in its power and running afterwards will 
more than compensate for the work expended by the owner. 

A simple and effective method of removing carbon consists 
of inserting into the cylinder a set of scouring rings, and operating 
the engine for a few minutes on the remaining cylinders. 


Ques. What precaution should be taken to reduce the formation 
of carbon? 

Ans. ‘To keep it to a minimum, the often recommended 
process of coal oiling the cylinders from time to time is 
to be advised, but even with this preventive regularly 
applied it occasionally becomes necessary to take off the 
cylinders, scrape out the combustion chambers, and clean 
the valves and pistons. ‘The formation of carbon can be 
largely avoided by close attention to the carburetter, the 
lubricating, and ignition systems. 


Ques. Why does a smoky exhaust cause considerable trouble? 


Ans. ‘The soot formed, is liable to take fire and smolder, 
causing pre-ignition, or even back firing, especially under 
heavy loads; moreover the operator in some restricted sec- 
tions is liable to arrest. 


Ques. What does dark colored smoke in the exhaust indicate? 
Ans. An over rich mixture which ignites imperfectly. 


Ques. What causes dense white smoke? 
Ans. An excess of cylinder oil with a resulting deposit 
of carbon soot in the cylinder, or a poor oil. 


Ques. What does a thin, blue or nearly invisible smoke indicate? 
Ans. A correct mixture and good ignition. 


An unpleasant odor in the exhaust is frequently mentioned as 
the one necessary evil of automobile operation. It is certainly 
nothing of the sort. and often indicates poor lubricating oil or too 
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rich a mixture, which involves waste of fuel. A good mixture, 
perfectly ignited, in a cylinder lubricated with high test oil, shoulda 
have no especially bad odor. 


Bad odors and smoke at starting are frequently produced by 
chemical conditions other than a poor oil or an over rich mixture. 
They are also common when running at slow speeds. Long con- 
tinued, however, they constitute a trouble that demands earnest 
and careful attention. 


Ques. What should be done in case of smoke in the exhaust? 


Ans. The cylinder oil feed or the carburetter should 
be adjusted according as the colcr of the smoke indicates 
too much oil, or an over rich mixture. 
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Fig. 151.—A simple form of muffler, as used on many eats, and which 
gives good satisfaction when well designed. It consists of a cylinder and a 
pipe so contrived that the pipe, which is drilled full of small koles, will admit 
the exhaust at high pressure, and as it is required to pass through a large 
number of small holes, it is split up and then expanded. ‘The gas passes to 
the atmosphere in an uneven flow, at a pressure slightly above that of the 
atmosphere. This type of muffler is fairly efficient when well designed. 


If an excess of cylinder oil be the sole rouble, reducing the 
rate of feed will decrease the smoke after a few revolutions of the 
engine. In adjusting the carburetter, the primary air inlet 
should be examined, as it may be partiatly closed by an accumu- 
lation of dust on the gauze screen. 


If, after other relief measures have been tried, the smcke 
should persist, the cylinder interior must be cleaned at the 
earliest opportunity. This, of course, cannot be done until the 
engine is brought home and dismantled. To forestall further mis- 
haps, the journey should be continued with as weak a mixture as 
possible. {n cold weather considerable watery vapor will appear 
in the exhaust. utes 
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Ques. Explain the usual cause of after firing. 


Ans. After firing or “barking,” is commonly caused by 
-misfires in one or more cylinders, which results from an 
accumulation of unburned gas in the muffler that is ignited 
by heat of the walls or by the exhaust of firing cylinders. 
Sometimes it may be due to a mixture, that is too rich or too 
weak, which burns slowly, continuing its combustion after 
passing into the exhaust. It also occurs frequently, when 
the spark is retarded, especially with heavy loads. 
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Fig. 152.—Simplex type of muffler, showing three chambers: a high’ 
pressure, intermediate, and low pressure chamber, so contrived that the pres. 
sure is reduced almost to zero before the exhaust makes its exit to the 
atmosphere. The voiume of the high pressure chamber is equal to that of 
one of the engine cylinders; the intermediate chamber has twice the volume, 
and the low pressure chamber three times the volume of the engine cylinder. 


No particular harm results from after firing since the ex- 
plosion can seldom occur until the unburned gas comes into con- 
tact with the outer air. 


a“ 


Ques. In a multi-cylinder engine, explain a method of testing 
for a missing cylinder. 

Ans. In practically all four cylinder engines the cranks 
of the second and third cylinders are in line, and are set at 
180° to the cranks of the first and fourth, which are also in 
one line. Consequently, the pistons of the second and 
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third cylinders make their “‘in’’ strokes at the same time 
as the first and fourth make their ‘“‘out’’ strokes. Asa rule, 
the order of ignition is: first, third, fourth, second, which is 
also the order in which the primary circuit is closed by the 
timer, closing the circuits through the primary winding of 
each coil, in succession. In order, therefore, to determine 
which cylinder, if any, be missing fire, it is necessary only 
to open the throttle and advance the spark lever to the run- 
ning position, giving the engine good power, and to cut out 
three of the four cylinders by depressing their coil vibrators. 
Tf the engine continue to run with coils 2, 3 and 4 cut out, 
cylinder 1 is evidently working properly. Depressing vibrators 
of 1, 3 and 4 shows whether 2 is working; of 1, 2 and 4 whether 
3 is working; and of 1, 2 and 3 whether 4 is working. On dis- 
covering the faulty cylinder, its plug may be tested and the fault 
corrected. 


A similar method may be followed in the search for a missing 
cylinder of a three or six cylinder engine. 


Ques. What other method may be employed to test for a missing 
cylinder? 

Ans. A missing cylinder may also be found by low 
temperature of its spark plug and exhaust pipe, if the mis- 
sing be long continued. 

E as What sometimes causes the engine to run while the switch 
1s OI! 

Ans. It occasionally happens that the switch becomes de- 
fective so that it does not break the circuit when in its “ off’’ 
position, A most common cause for running with open switch 
is red hot plug points, also the heating to incandescence of 
some small particle in the cylinder, either loose or attached 
to the interior surfaces. 


Ques. State a few causes of pre-ignition? 

Ans. An incandescent particle or overheated cylinder 
will cause an engine to pre-ignite. Sometimes the rotor 
arm of the timer wears at the contact point, leaving a path 
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of metallic particles on the ring containing the stationary 
contacts, thus causing the current to flow to the stationary 
contact, via this path and causing ignition to occur before 
the proper time. 


Answers Relating to the Carburetter and the 
Mixture 


Ques. What is the effect of water in the carburetter? 
Ans. ‘This will often prevent the engine starting, and 
will impair its efficiency. 

Water is frequetitly present in gasoline, and, particularly 
when the supply of fuel is low, is liable to get into the pipes and 
carburetter. Every carburetter has a drain cock at the bottom to 
let off the water that settles from the gasoline. The natural result 


of water in the carburetter is impaired or interrupted vaporization 
of gasoline. 


Ques. What trouble is sometimes caused by water in the car- 
buretter, in cold weather? 

Ans. It is liable to freeze, preventing the action of the 
carburetter parts, and clogging the valves. Ice in the car- 
buretter can be melted only by the application of hot water 
or some other non-flaming heat, to the outside of the float 


chamber. 


Ques. What symptom indicates water in the carburetter? 

Ans. ‘There is strong evidence of the presence of water 
when the engine starts, runs fitfully, or irregularly, and 
finally stops. 

Ques. What other defect will cause the engine to behave in much 
the samne way? 

Ans. Stale or low degree gasoline. 


As previously mentioned, gasoline being a volatile essence, 
distilled irom petroleum oil at temperatures ranging between 140° 
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and 248° Fahr., and boiling at between about 150° and 200° on the 
average, is a compound of several spirits of varying density, 
gravity and volatility. It follows therefore, that, unless stored 
in an airtight vessel, the lighter constituents are liable to escape. 


Ques. How may gasoline become stale if the supply in the tank 
be in good condition? 


Ans. It deteriorates on standing for any length of time 
in the float chamber. 


The obvious remedy is to drain the float chamber and allow it 
to fill with a fresh supply from the tank. 


Fig. 153.—Center draught carburetter and connections, A, needle valve 
lock nut; B, needle valve; C, float chamber drain; D, fue) pipe; E, hot air 
pipe; F, primer plunger; G, float pin upper bearing; H, connection between 
intermediate lever and magneto operating lever; I, foot accelerator connec- 
tion; J, throttle shutter; K, throttle control lower connection; L, ignition 
control lower connection; M, fuel inlet upper pipe; N, primer bell crank: 
O, throttle; P, hot air box; S, port hole; T, hot air adjustment; U, lock 
nut for same. 
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Ques. What is the effect of a very rich mixture? 

Ans. If not too rich to ignite, it results in a heavy and 
ill smelling smoke from the muffler. The color of this smoke 
will determine the nature of the trouble. 


Ques. How may an over rich mixture be caused? 

Ans. This is usually caused by: 1, an air inlet clogged 
with dust or ice on the gauze; 2, a piece of grit or other sub- 
stance, preventing closure of the needle valve, or 3, a leaky 
float, which has become partially filled with gasoline, and is, 
therefore, imperfectly buoyant. 

A leaky float may be repaired by soldering; in doing this, a 
vent should be made at some convenient point, and the float 


cooled by. placing it on a cake of ice, after which the vent is 
soldered leaving the air within at atmospheric pressure. 


Ques. Name some of the causes of a poor mixture? 


Ans. An excess of air drawn through some leak in the 
air pipe; water in the gasoline or a feed pipe or feed nozzle 
clogged with lint, grit or other obstructions. 

It may occasionally happen, particularly after standing for a 
long period, that the valve of the carburetter sticks. This will 
interfere, of course, with proper feed of the fuel. To determine 
whether all parts are in good condition, it is desirable to flush or 
prime the carburetter by depressing the protruding end of the 
valve spindle, called the ‘“‘flusher.” This depresses the float and 


opens the valve; it also allows the liquid to enter the chamber, 
and proves that there is no obstruction in the passages. 


Ques. How may a sufficiently rich mixture be obtained for start- 
ing, other than by depressing the float pin? 


Ans. By partially closing, with the hand, the air inlet 
to the carburetter so that the increased suction will draw a 
greater quantity of gasoline, than otherwise, into the mixing 
chamber. 


Ques. Is this method preferable to depressing the float pin? 


Ans. Yes, because the normal action of the carburetter 
is restored sooner. 


250 _ AUDELS ANSWERS 


= 


Ques. How may the quality of the mixture be determined? 


Ans. Generally by its effect upon the operation of the 
engine. 


¢ 


Ques. In what other way may the quality of the mixture be 
determined? 


Ans. If the cylinder cock or the spark plug be removed 
and a lighted match applied, the richness of the mixture 
may be judged by the color of the flame. 

If the mixture be too rich, it will burn yellow; if too poor, it 
may not burn at all or faintly blue; if just right, it will explode and 
rush out of the opening to the danger of the operator’s fingers; if 
the mixture seem to be poor, irfjecting a little gasoline from a 


squirt can, or flooding the carburetter, will prove whether or not 
the indication be correct. 


Answers Relating to Ignition Disorders, and 
. Adjustments 


Ques. How should dry cells be connected for long periods of 
operation? 


Ans. They should be arranged in series in two or more 
separate batteries, with switches that may cut all out of 
circuit, except the onein use. 


The reason for this is that such cells are subject to deteriora- 
tion while in use, and a new battery should always be at hand. 


Ques. What causes deterioration? 


Ans. It results: 1, from extended use, after which the 
cell becomes exhausted through consumption of the zinc 
element, or the electrolyte, 2, from short circuits long con- 
tinued, which cause the cell to run out of current more 
rapidly than otherwise, and 3, from neglect to open the 
switch or the primary circuit when stopping the engine. 


_A temporary short circuit will not injure a dry cell as seriously 
as it will some other types. Generally, it will polarize more 
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quickly. A season on open circuit will find it still serviceable. 
If then, there be a leak, or the timer rotor be in engagement with 
one of the contacts, the current will rapidly run to waste. 


Ques. What is the action of dry cells? 

Ans. Dry cells, so called, are all of the “open circuit” 
variety. That is to say, the generation of the current pro- 
duces the condition known as “polarization,” or the col- 
lection of hydrogen on the electrode attached to the positive 
lead wire. The cell may be “depolarized,” by leaving it 


Fig. 154.—Wiring diagram showing connections for Remy magneto with 
separate coil and battery; the figure illustrates also the order of firing. 


for a period on open circuit, or disconnected. A polarized 
cell will show a low current register on the ammeter, but its 
strength may be restored more or less. 

Ques. What precautions should be taken with a storage battery? 

Ans. Each cell should register at full charge about 
2.5 volts and should never be used after the voltmeter falls 
to 1.75. If short circuited at any time, the cell should 
be immediately disconnected and recharged, as elsewhere 
specified. Short circuiting is one of the worst mishaps that 
can overtake a storage cell. 
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Ques. What is the effect of a weak battery? 
Ans. It causes misfiring. 

Misfiring caused by a weak battery is indicated by the occa- 
sional violence of the explosions, on account of frequent misses. 
A weak battery will cause misfiring, especially when the engine 
has been run nearly to full speed, and then suddenly stops, owing 
to irregular ignitions. The reason is, that the weak battery can- 
not supply “‘fat”’ sparks at a rate commensurate with the require- 
ments of rapid operation. With a reduced spark gap and a slow 
speed, the battery may be able to cause operation for a limited 
period. 

Ques. How may the action of a weak battery be improved? 


Ans. By reducing the gap between the spark plug 
points. 


Ques. What are frequent sources of trouble with a generator? 


Ans. Glazing, faulty brush adjustment and defective 
governor action. 


Ques. What is glazing? 


Ans. A very fine deposit of metal particles on the com- 
mutator, due to the wear of the brushes, 


Ques. How is this removed? 


Ans. The deposit on the brushes may be removed by 
wrapping a very fine sandpaper, sand side up, around the 
commutator and rotating the spindle so that the brush ends 
are thoroughly scoured. It may be removed from the com- 
mutator by rubbing its surface with the finest grade of 
sandpaper. Emery paper should not be used for this pur- 
pose, since emery, being carbon, is a conductor, and its 
presence between the segments of the commutator is liable 
to interfere with the insulation. It also causes extra wear. 


Ques. What is the nature of the primary current? 

Ans. It is of low pressure, hence, its flow is easily 
prevented by loose and corroded terminals, defective switches 
or breaks of any kind in the continuity of the wire, 
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Ques. What precaution should be taken with the primary circuit? 

Ans. On account of the low voltage: 1, the terminals 
should be kept clean and bright, 2, the connections firmly 
made, 3, the spring portions of the switches adjusted so 
that they bear firmly, making a good contact, 4, frequent 
examinations for partial breaks, and 5, the insulation guarded 
against breaks, flaws, or rubbed areas, 

Ques. What defect in the primary circuit may cause misfiring? 

Ans. Loose connections of the wires at a binding screw. 


The looseness may be small, or it may be excessive, and the 
condition in this respect determines the degree of interference 
in engine operation. Thus, a loose connection may allow the 
engine to run from rest to a moderately good speed before trouble 
begins; sometimes the vibration of operation may interrupt the 
contact entirely. 


Ques. What are common causes of misfiring at high speeds? 
Ans. Loose circuit connections, shaken out of position 
as the engine speeds up, and weakened battery. 
Ques. What attention should be given to the timing device? 
_ Ans. It should be examined occasionally for loose 
contacts, thick oil or dirt on the contact surface. 


Loose or foul contacts constitute a fertile source of ignition 
failures. 


Ques. What kind of oil should be used on wipe contacts? 

Ans. Only the thinnest and lightest grade of oil; it 
should be applied in small quantities, 

Ques. What effect has the speed of the engine on ignition? 

Ans. ‘The spark in the cylinder does not occur at the 
same point in the piston stroke at high asit does at low speeds, 
nor at the moment the primaty circuit is made by the timer. 

Ques. Why is this? 

Ans. It is due partly to the vibrator and partly to the 
coil. In producing a spark, time is required to saturate 
the coil, make the break, and discharge the core. 
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The average duration of these operations is about .005 of a 
second, which, although quite negligible at low speeds, requires 
progressive advances of the timer as speed increases. The move- 
ment of the vibrator also consumes a fraction of a second, its 
speed being indicated by the pitch of its buzz, but unless the speed 
be very high, the time for occurrence of the spark is changed. If 
the vibrator be leaving the core at the moment of circuit making © 
at the contact maker, the time of one vibration must elapse before 
the occurrence of the spark; if the vibrator be in contact at this 
moment, the spark follows almost immediately. These facts 
enforce the desirability of high speed vibration. 


Fig. 155.—Diagram of the essential parts of an induction coil: B, chemical 
battery; C, C’, conenser terminals; I, laminated iron core; P, primary winding; 
S, secondary winding; H, head of the vibrator; O, contact point of the back 
stop screw. . 


Ques. How should the vibrators of a multi-unit coil be adjusted? 

Ans. Ina multiple engine using a separate coil for each 
cylinder, the vibrators should be tuned as nearly as possible 
to the same rate of vibration; otherwise the sparks will 
occur at different points of the several respective piston 
strokes, 
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Ques. What may be said about vibrator adjustment? 

Ans. In most cases the vibrator requires no adjustment. 
However, in making adjustments it should be noted that: 
1, when the adjusting or back stop screw is turned inward 
forcing the vibrator nearer to the pole of the core, the 
rapidity of vibration will be increased, 2, when the adjust- 
able screw is turned outward, increasing the distance 
between the vibrator and pole of the core, the rate of vibra- 
tion will be decreased, 3, there are very definite limits for the 
proper operation of the core, at either loose or tight adjust- 
ment, 4, a fair adjustment for low speeds may prove un- 
suitable for high speeds, and vice versa, 5, a fair adjust- 
ment for a strong battery will probably be found unsuitable 
for a weak battery, and vice versa; therefore, the battery 
should receive attention, rather than the coil adjustment. 


Ques. State briefly some general rules for vibrator adjustment? 
Ans. In adjusting a coil: 1, the vibrator should vibrate 
with sufficient rapidity to give a distinctly musical sound, 2, 
rapid vibration, except, of course, that which is excessive, 
is more efficient and better for the battery than one that is 
slower, and 3, reducing the rate of vibration increases the 

efficiency of a weak battery. 
The explanation of the matter is, that reducing the rate of 


vibration produces a stronger spark by permitting the coil to 
saturate more freely. 


Ques. What sort of vibrator adjustment will cause misfiring at 
high speeds? 

Ans. A faulty adjustment giving extremely short makes 
of the primary circuit and slow rates of vibration, which 
cannot keep pace to the requirements of high engine speeds, 


Ques. How are the vibrator contacts sometimes burned? 
Ans. Occasionally a spark discharged from the con- 
denser occurs at the moment of breaking contact of the 


‘ 
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vibrator and screw back stop, with the result of burning 
the contacts. Dirt or oil between the vibrator points will 
produce a similar result. In either case, there will be no 
spark at the spark plug. 


Ques. What causes a spark discharge at the vibrator contacts? 

Ans. This usually results from the condenser not being 
suited to the battery. When the condenser is of proper 
size, there will be little or no spark. 


Ques. What is the action of a defective coil? 

Ans. A broken down coil, or one in which the insulation 
is weakened, will cause misfiring for a time, and will soon 
be of no use. 


Ques. What does a constant sounding of the vibrator indicate? 
Ans. A leak or short circuit, which should be imme- 

diately investigated. 
A short circuit is the quickest means for exhausting a primary 


battery. On the other hand, it causes speedy destruction, as will 
be explained later. 


Ques. What causes defects in the interior of the coil? 

Ans. They are usually caused by the presence of 
moisture, oil or dirt, and by the condenser not being suited 
to the battery. 


The coil generally needs very little attention. ‘There is virtu- 
ally little danger of electrical derangement, provided the battery 
be maintained at approximately even efficiency, and the coil is 
protected from moisture, oil and dirt. It may be safely asserted 
that the majority of cases in which the coil is supposed to be 
‘worn out,’”’ are merely examples of irregular or inefficient action 
of the condenser. 


Ques. What effect has moisture on a coil? 


Ans. Nothing will so rapidly deteriorate a high tension 
coil as the presence of moisture in its windings. 


The water frequently soaks through the insulation, short 
circuiting the current and preventing a spark. A coil affected by 
moisture, cannot be repaired, except by experienced workmen, 
and had best be replaced. : : 
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Ques. What precaution should be taken in purchasing a coil? 

Ans. It is necessary to ascertain that the coil is suitable 
for the type of battery or generator in use. Induction coils, 
like other electric coils, are wound for use with a certain 
definite voltage in the primary circuit. 


Ques. What ignition defect sometimes causes misfiring? 

Ans. A short circuit, that is, a ground, or an ‘arcing 
gap between the two sides of the secondary circuit, at some 
point short of the plug terminals. This will, of course, 
prevent sparking at the plug, although, owing to the vibra- 
tion of operation in the other cylinders, the short circuit 
may occasionally be interrupted and the spark will again 
occur, 


Ques. How does a short circuit differ from an auxiliary spark 
gap? 

Ans. It differs in that the gap is in series with the spark 
plug, while the short circuit gives a leak in parallel to it. 


Ques. State two causes for failure of the vibrator. 

Ans. A defective adjustment of the vibrator which 
will prevent it responding to the strength of the current in 
use, or the vibrator may be broken loose. 

Ques. How may a defective spark plug sometimes be located in a 
multi-cylinder engine? 

Ans. By touch, that is, if its cylinder has been “mis- 
sing’’ for some time, the metal of the plug will be per- 
ceptibly cooler than that of the. other plugs. 


Ques. What defect is sometimes present in the secondary wiring? 
Ans. Faulty insulation. The current, on this account, 
may short circuit to some metallic portion of the car or 
engine. If the secondary lead be disconnected from the 
spark plug, the current may sometimes be heard or seen in 


discharging. 
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Ques. What defects in the spark plug: will cause failure to start? 

Ans. The engine will not start when: 1, the plug points 
are too far apart, 2, the plug is short circuited, 3, the insu- 
lating layer of porcelain or mica is broken down, and 4, 
there is much fouling between the plug points. 
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Fig. 156.—An important though much neglected place for lubrication, 


Ques. What causes fouling? 

Ans. Oil or soot; both give trouble in starting, 

Ques. How may soot be removed? 

Ans. By the application of gagzoline. 

Ques. What devices are used to prevent fouling? 

Ans. An annular space between the core insulation 
and the outer shell; also an auxiliary spark gap. ‘The best 
method of preventing fouling is by the proper handling of the 


fuel and cylinder oil. 


In the former, a vortex is formed, whose whirling motion allows 
the piston suction to remove deposits of soot. An auxiliary spark 
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gap does not prevent fouling, but allows the voltage of the sec- 
ondary current to rise sufficiently to suddenly overcome the resist- 
ance of the auxiliary gap and also that of the plug. 


Ques. How can fouling be removed? 


Ans. Any visible fouling may be removed by rubbing 
the insulation with fine sand paper until the bright surface 
of the porcelain is visible, taking care not to impair the 
surface. 


Ques. If no fouling be visible in a defective spark plug, what 
should be done? 

Ans. ‘The plug should be laid upon the cylinder or frame, 
so that its case only is in contact, and thus grounded; on 
cranking the engine, the spark may be seen leaping between 
the points. 

If there be no spark, it is probable that, with the ignition 
circuit in working order, there is some breakage or short circuit 


in the body of the plug. This, of course, necessitates its removal 
and the substitution of a new one. 


Answers Relating to Engine Operation During 
Cold Weather 


Ques. What effect has cold weather on the operation of an engine? 


Ans. Sometimes gas engines work indifferently in cold 
weather; a low temperature interferes with effective engine 
performance in several ways: 1, it renders difficult a rapid 
vaporization of the fuel, 2, it causes the lubricating oil to 
thicken and in some cases to become “gummy,’’ 3, it causes 
freezing of the jacket water, unless precautions be taken to 
prevent it, ; 
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Ques. What is the principal source of failure to operate in cold 
weather? 
Ans. The uncertainty regarding good vaporization of 
the fuel in the carburetter. 
It is obviously impracticable to heat the ordinary variety of 
carburetter except by arranging the air feed pipe to run over or 


around the muffler, which would doubtless assist matters con- 
siderably after the engine is started. 


Ques. What should be done in case of sticking, from gummed oil 
in cold weather? 

Ans. A small quantity of gasoline should be applied over 
the piston with a syringe. 


Ques. What damage is liable to happen in cold weather? 


Ans. The freezing of the cooling water in the jackets. 
A frozen water jacket generally bursts, without, however, 
doing injury to the arched walls of the cylinder. The engine 
may be started, but it soon overheats because the jacket 
water leaks through the cracks. 


Ques. What precautions should be taken to prevent freezing? 


Ans. In cold weather a careful operator will drain all 
water from the jackets and circulating system, by opening 
the pet cocks on the cylinder jacket, the pump, feed pipes 
and the radiator. After the water has run out, the jackets 
and pipes can be dried by allowing the engine to run for not 
over a minute, thus vaporizing and expelling the remaining 
moisture, 


Ques. What should be done if an automobile is to be run in cold 
weather, especially if it is to be left standing with the engine not 
operating? 

Ans. When the first freezing weather appears, care 
should be exercised to prevent the freezing of the circulating 
water, 
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If water be allowed to stand in the radiator the car should be 
kept in a room in which the temperature is not lower than 4o 
degrees. If this be impossible, the entire system should be 
drained by opening the pet cock in the water pump trap. After 
allowing the water to drain, the engine should be started and run 
for a minute or two, to further remove the water. An anti-freezing 
cooling medium may be used, in which case the best solution is a 
mixture of alcohol, glycerine, and water. Equal parts by weight 
of alcohol and glycerine to varying amounts of water has been 
found quite satisfactory. 


The following tables are appended as an aid to arriving 
at the best solution: 


5% alcoholand glycerine to 95% water by weight freezes at 28° I'ahr. (Above zero). 
‘ “ “ “ inert “a “ “550 “6 “ 
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To prepare enough solution to fill the radiator, one of 
the following formulas may be used: 
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216 pints glycerine........ 
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714 pints alcohol..-....... : 
3% pints glycerine....... -> .... freezes at 10° Falir. (below zero.) 
21 pints water...... ; 
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The proper solution should be determined by local con- 
ditions rather than by rule. 
The use of glycerine is detrimental to. the rubber hose con- 


nections, but as this is really of small consequence in comparison 
with the risk incurred by using water, the expense is negligible. 


The following solutions are also recommended: 

A solution of equal parts by weight of water and wood 
alcohol. 

A solution of two parts of wood alcohol, 1 part glycerine, 
I part water. 


Ques. What are the objections to anti-freezing solutions? 

Ans. They are troublesome, and at best, do not cool as 
well as pure water. On this account many users find it 
more satisfactory to drain the jackets through the pet cock 
on the radiator, when the car is to stand over night, and 
refill the cooling system before the next start. 
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PLATE—LOZIER MULTIPLE DISC CLUTCH (OIL TYPE) WITH YOKE 
AND SHAFT. 


It consists of alternate driving discs of steel, faced with a material consisting of an asbestos 
fabric and metallic wires woven tightly together, and driven discs of saw blade steel. The 
driving’ discs have lips or ears at intervals of ninety degrees in their outer perimeter and each 
lip is provided with a hole of sufficient diameter to permit it to fit over studs inserted in the 
fly wheel. The rotation of the fly wheel thus causes the driving discs to revolve with it. 


The driven discs are keyed to a drum which is directly connected to the clutch shaft. 


Normally, with the clutch engaged, the driving and driven discs are forced together by 
the pressure of springs acting on a pressure plate, the resulting friction being sufficient to 
propel the car. The clutch is released or disengaged by foot pressure on the clutch pedal 
which is connected with the yoke shaft, and the yoke, being actuated by the pedal, moves 
in such a way that the pressure on the driven discs is removed and they are released from 
the action of the driving discs. 


Care of the Clutch.—The clutch spring may be given more (or less) tension, when it be- 
comes necessary, by means of adjusting nuts which are provided for this purpose. Care should 
be taken to see that these nuts are properly locked when adjustment desired is attained. 
When clutch is new, there may be a slight tendency to slip, owing to the stiffness of the fabric 
with which the driving discs are lined. No adjustment of the spring is necessary to regulate 
this condition, as it will entirely disappear after the car has been in use a short time. The 
‘throw’! or arc of movement of the clutch pedal may be regulated by means of the coupling 
flanges in the clutch pedal shaft. To do this, disconnect the bolts which hold the flanges 
together and move the clutch pedal until the flange is advanced or retarded one or more holes 
as desired; then rebolt flanges together in their new position. If the interior parts of the 
clutch have become damaged to any extent, it will be necessary to remove it. While this is 
not a very difficult undertaking, it necessitates the uncoupling of the transmission case from 
the engine and would therefore better be entrusted to an expert mechanic. If this be deter- 
mined on and it is found on disassembling the clutch that the key seats on the drum have 
become roughened, it will be necessary to smooth them with a smooth or mill cut file, using 
care not to remove any more stock than is absolutely necessary in order to get a smooth surface. 
aya or aed eetatns are sometimes produced in the edges of the key seats through the use 
of inferior oils. 
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CLUTCHES 


Every vehicle propelled by a gas engine requires some 
form of throw out clutch, because it would be difficult to 
start the engine with the driving gear connected. ‘The 
subject of the clutch is of importance because the efficiency 
of the car depends largely upon its proper design and hand- 
ling. The principles and construction of the clutch system 
on any given car should, therefore, be understood by the 


operator. 


Answers Relating to Clutches 


Ques. What is a clutch? 

Ans. A movable friction coupling for connecting the 
crank shaft to the transmission shaft. It is so arranged that 
the latter may remain stgtionary with the former in motion 
until ‘thrown in,’’ whereupon the transmission shaft will 
turn with the crank shaft. 


Ques. What are the requirements of a good clutch? 

Ans. The leading requirements are: 1, gradual engage- 
ment, 2, quick disengagement, 3, large friction surfaces, 4, 
accessibility, and 5, simple construction. 

Ques. What may be said of the first requirement? 


Ans. ‘The action should be such that it does not apply 
the full power of the engine at once, but gradually, in 
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order that the automobile may start slowly and without 
jerking. If the power be applied suddenly, the machinery 
may be badly strained, or again, the resistance of the sta- 
tionary car may be sufficient to overcome the momentum 
of the engine and cause it to stop between the power strokes. 

A clutch is not necessary on automobiles propelled by steam 


or electricity, as these powers are more flexible, that is, the appli- 
cation of power is not intermittent, as with the gas engine. 


Ques. Why should a clutch disengage promptly? 


Ans. ‘This is desirable in order to avoid any drag of the 
parts after disengagement. 


Ques. Why are large friction surfaces necessary? 

Ans. In order that the clutch may be capable of trans- 
mitting the maximum power of the engine to which it is 
applied without slip or loss. This is to avoid a waste of 
power, and also render the clutch easy to operate. 


Ques. How should a clutch be made? 

Ans. A clutch should be easy of removal for inspection 
or repairs, and should be provided with suitable adjust- 
ments so that a certain amount of wear between the sur- 
faces may be taken up without renewal of surfacing. It 
should be as simple as possible, of substantial design and 
construction, and with as few operating parts, which would 
be liable to get out of order, as is consistent to preserve 
proper operation. In event of the parts needing replace- 
ment, or of wear being serious enough to require new fric- 
tional surfaces, it should be of such construction that the 
replacement could be made with minimum expense. 


Ques. Describe a cone clutch? 


Ans. As shown in figs. 157 and 158, a cone clutch con- 
sists of two members: a dish-shaped ring, secured to the 
face of the fly wheel, and a truncated cone carried by a sleeve 
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sliding on the main shaft, and held in close fit by means of a 
spring. ‘The first member is called the “female cone’? and 
the second the ‘“‘ male cone.” 


Ques. Name two varieties of cone clutch. 


Ans. 1. The external cone clutch shown in fig. 157, 
in which the male cone is forced against the fly wheel 
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Fig. 157.—External cone clutch. A, fly wheel clutch cone; B, fly wneel; C, 
fly wheel clutch stud plate; D, D, clutch spring studs; E, clutch spring; F, 
spring retainer; G, retainer lock nut; H, sliding sleeve for setting clutch; J, 
crank shaft end; K, crank shaft nut; L, tail shaft; M, ball thrust collar; N, ball 
thrust bush; O, sliding sleeve bush; P, clutch cone leather. 

Fig. 158.—Internal cone clutch. A, Engine fly wheel; B, female cone; C, 
male cone; D, universal coupling on male cone; E, bushing on D.; F, collar 
keyed on D.; G, key; H, ball bearings for taking up the thrust on disengaging 
clutch; J, flange on ball cone; K, receptacle on D for operating yoke; L, spiral 
spring for retaining clutch surface contact; M, leather band riveted on C 
giving good friction surface; QO, main shaft; R, portion of shaft turned down to 
fit fly wheel; S, portion of shaft turned down to receive clutch sleeve; Z, flange 
to which fly wheel is bolted. 


from the rear, and 2, the internal cone clutch, fig. 158, in 
which the male cone is contained within the other member, 
and is forced into contact from the front. 


In both forms, the contact is between a metal surface and one 
of leather or fibre. Since it is essential that no oil or grit be 
allowed to collect on the friction surfaces, the internal cone clutch 
is preferrable, as enabling the surface to be more readily protected. 
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- Ques. What two things are essential in order to obtain good 
power ‘transmission by means of a clutch? 


Ans. Sufficient friction surface, and the vroper angle of 
the cone surface. 


Fig. 159.—T ype of cone clutch used on the Marmon 
ear. The clutch is faced with thermoid. Eight spring 
pressed plungers tinder the facing secure easy engagement. 
A groove is turned in the fly wheel rim and provided with 
an outlet to prevent any surplus oil getting on the clutch 
face, and a short shaft with two joints connects the clutch 
with the propeller shaft. 


Ques. What is the usual angularity of the friction surface? 

Ans. Between 12° and 15°, generally nearer the latter 
which affords a friction surface in breadth about one-eighth 
the fly wheel diameter. 


Ques. What troubles are sometimes encountered with cone 
clutches? 


Ans. Unless skillfully handled, the power will be thrown 
on with a jerk, — not gradually as it should be. The fric- 
tion surfaces, when worn, are liable to slip. 


“sally 34} pue souoys divys oY} UseM4oq dn Jos oq P]NOA dsIMIOY}O YOIYM UOT} VATIONIsep AIOA © 4sUTeSse pajoejo1d o1e sort} 94 
JaMod ZUIAlIp 9y} Yo Buryynys Ag *yods peq 9y} JAA 4svOd 0} Jed OY} BUIZ4JIUIIOd ‘YO NO INOA BBesUasip Usy} PUPYSOUO}s OY} Buryoesl 

a1Ojeq 91341] @ Jeo 944 poeds 04 ued qualjooxa ue st 41 ‘sou0ys UsyoIg ‘dieys YIM PsIsAOD PeOI JO YoJerjs e JoouT NOA Udy MM 
“A[qJoows pue ATJU9B Yoh ‘ATYOMD Ur YoyN]o ayy 42] OF peyooyos eq AeUr 400} Ajo] BY} dorJOeId 913417 

Ve UUM ‘eulsue oy} [eS Jo ‘1ed o11ZUS OY} JO WISIUBYOOU 944 YOeI JayyIe ‘ssuTy} OM} JO 9UO OP [[IM YoynN]O Ur 4a] ATUappns W 
“Burizel JNOYIIM JTeYs DALIP 9Y3 04 paqjqIusuUeI} SI IyeYys ouLsUS 

oy} jo’ uOTjoW 9y} 4ey} AT[eNpeIs Os pue A[YOOUIS dUOp oq sSoUIT} [Te Je P[Noys sty} ‘pasesue JO , ‘UT 4a],, SI YONJO 9y} USM 


*“IQALIP pooustiedxa ayy Jo spuey oy} 
ULI SOSN [NJ[IYS JO Iaquinu v 04 J[eS}I Spud] ‘sseTsYyJIOAeU ‘YoUNTO 9y} ‘souR]s ysIy ye Ted asn sqrt pue o[durs st so1Aep oy} YSnoyL, 


“HOLNTO GHL JO GSN AHdOdd—ALVId 


Mill 


Ht 


ih 


itl 


IN 


l 


266a 


OCI 


HI 


il 


vi 


Nil 


| 


SPRINGS 


fii —< 
NGG 
Zag: DRIVEN PLATE 


= oa CORK INSERTS 


0. 


(ls, 


ADJUSTING SCREW 


PLATE—KNOX THREE DISC CLUTCH. 


A three plate clutch consists of two driving discs and one driver plate, a nutnber of springs 
to produce the pressure necessary to keep the parts in contact and an arrangement of levers to 
multiply the effort of the operator in releasing the clutch against the considerable pressure 
(about 1,000 lbs.) required in this type of clutch, 


_ In the design above, the driven disc is provided with cork inserts to increase its adhesion 
with the driving discs. This clutch issometimes called a three plate clutch. 


Since the total pressure exerted by the springs is considerable, it is necessary to provide 
some form of leverage so the inner and outer driving plates may be separated without undue 
exertion on the part of the operator, 


As will be evident from the illustration, any pressure exerted against the long arms of the 
levers will be multiplied many times and comparatively little effort is needed on the part of 
the operator to push the levers in toward the flywheel and transfer the multiplied pressure 
through the pins which extend through the outer driving plate and into the inner driving plate 
to compress the springs and thus relieve the driven plate from contact with either of the driv- 
ing plates between which it is normally held. 3 
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Ques. What has been done to avoid the first difficulty? 


Ans. Some designers place small spiral springs on the 
surface of the male cone, or between the cones, thus render- 
ing the grip between the surfaces gradual. Such springs 
may act efficiently, but are objectionable in that they com- 
plicate the construction. 


Ques. Describe a drum and band clutch. 


Ans. This form of clutch is simply a variation of the 
type of brakes most common on automobiles. 
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Fig. 160.—End view and cross section through an expanding ring clutch. 


Drum and band clutches are generally used in connection 
with planetary or epicyclic transmissions, and consist simply of 
leather or fibre rings, which are compressed against the circum- 
ference of the drums, to prevent rotation. 


Ques. Describe an expanding ring clutch. 


Ans. Mechanically, this type of clutch is identical with 
che expanding ring brake, except for the fact that its use 
accomplishes the connection into a working unit of twe 


turning shaits. 
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The general construction is shown in fig. 160. The friction 
surfaces of the ring clutch may be both of mietal or the ring may 
be faced with fibre. 

Ques. What is a multiple disc clutch? 


Ans. ‘This consists of numerous metal discs secured 
alternately to the clutch shaft and to the face of the engine 
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Fig. 161,—Multiple dise clutch; sectional view showing construction. 


fly wheel, as shown in fig. 161. ‘The discs are compressed 
in frictional contact by a strong spring, thus giving a firm 


driving contact for transmitting the power from the engine 
to the transmission. 


Ques. What advantage has a multiple dise clutch over one with 
only a single pair of friction surfaces? 


Ans. If only one pair be used, the necessary pressure 
between the rubbing surfaces is much greater than when a 
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number of surfaces are provided. Thus, if there be, say, 
twenty friction surfaces, the pressure required to hold the 
discs together without slipping would be only about one- 
- twentieth of that necessary in the first instance. 


Answers Relating to Clutch Operation 


Ques. What two terms are used to describe the operation of a 
clutch? 


Ans. A clutch is said to be ‘“‘sweet’’ when it properly 
performs its functions, that is, when it may be thrown into 
engagement gradually, thus applying the power by degrees, 
so that the car may start slowly and without jerking. A 
clutch is said to be “fierce’’ when the reverse conditions 
obtain, that is, when it takesupits work too quickly, caus- 
ing the car to jump forward with a bound upon starting. 


Ques. What causes a clutch to be fierce? 

Ans. This derangement is often caused by the clutch 
spring being too strong; this results in an unusual amount 
of power being applied to the clutch pedal in actuating the 
clutch, and it is apt to stick, preventing a quick withdrawal 
at a critical moment. 


Ques. What are the remedies for a fierce clutch? 

Ans. ‘The tension of the clutch spring should be made 
less, the friction surfaces cleaned, and a small quantity of 
castor, or neats foot oil applied to them. 

Ques. What troubles are sometimes experienced with multiple 
dise clutches? 

Ans. ‘These are subject to three varieties of derange- 
ment: 1, gripping, 2, spinning, and 3, slipping. 
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Ques. What is gripping, and how caused? 

Ans. Gripping is a quick, sharp engagement of the 
clutch, It may be caused by looseness in the foot pedal 
or joints, or a “give” in the lever or fulcrum. A gradual 
clutch engagement cannot be secured when the leverage is 
not absolutely positive. Another cause is a too powerful 
spring tension. Ina leather to metal contact, gripping may 
be caused by an exhausting of the oil in the leather, thereby 
roughening its surface. 

Ques. How is gradual engagement secured with a multiple disc 
clutch? 

Ans. A clutch of this type is encased and runs in oil, 
which prevents the rings gripping suddenly. When the 
pressure of the spring is applied, the oil is gradually squeezed 
out and the slipping of the driving and driver discs is thus 
reduced by degrees. 


Ques. What causes “spinning?” 

Ans. The continued revolution of the driven member is 
usually caused by faulty design, poor adjustment or failure 
to make a complete disengagement of the two members, 
This latter fault can be traced to improper lubrication, to 
an adjustment which does not allow sufficient movement 
to separate both members, or to an over tight clutch shaft 
bearing, causing binding between the members, 


Ques. What causes slipping? 

Ans. It is usually due to a spring tension that is too 
weak. Another cause is the undue wear of the friction 
surfaces, allowing the clutch pedal to move backward till 
it rests against the rear end of the slot in the floor. 


Ques. What precaution should be taken with a leather friction 
surface? 
Ans. Water or gasoline should not be allowed to come in 


contact with the leather, as either will dry up the oil that 
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keeps the leather in good condition. The oil may be dried 
out by frictional heat, hence, a careful inspection should be 
frequently made. A good leather dressing should be used 
when the leather begins. to roughen. Machine oil should 
not be used, as it is not readily absorbed by the leather. 
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Fig. 163.—Showing method of mounting a cone clutch. The dotted out- 
line of clutch pedal shows position for releasing the clutch. 


Answers Relating to Cork Inserts 


Ques. What material besides leather is sometimes used for friction 
surfaces of clutches? 


Ans. Cork. 


Ques. What are the properties of cork? 


Ans. Cork forms a good friction surface for clutches. It 
will hold on a dry surface, or if the surface be lubricated, the 
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degree of polish is not a factor of such importance as would 
be the case with other materials. 


Ques. What effect has high temperatures on cork? 
Ans. High temperatures are not so liable to char cork, 


as they would leather or fibre. 


_ Ques. Describe the method of inserting cork in a clutch and its 
action during operation? 


Ans. Numerous cork discs are forced into suitable 
cavities formed for them in one of the metallic frictional 
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Fig. 164.—A three dise clutch with cork inserts. The cast iron fly wheel 
forms one of the clutch discs, the center disc being of manganese bronze and 
the outer disc of pressed steel. ‘The clutch outer disc revolves with the fly 
wheel and the center disc with the main drive shaft, the first being normally 
pressed against the center disc, and that in turn against the fly wheel by the 
action of the clutch levers and the clutch spring. When it is desired to release 
the clutch, pressure is applied at the foot pedal and the clutch shifting lever is 
moved backward, removing the pressure of the spring from the clutch levers. 
This allows the clutch release spring to force the plates apart and release the 
clutch. At the same time the clutch brake becomes operative and brings the 
clutch disc and main drive shaft to rest. ; 


surfaces, The corks are previously boiled and thereby 
softened and then pressed into the cavities. ‘Thus estab- 
lished in a metal surface, they normally protrude above the 
surrounding surface and engage first when the surfaces are 
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brought together. If sufficient pressure be applied to the 
clutch they are forced down flush with the metal surface 
and act with it in carrying the load. Following the release 
of the load, they again protrude beyond the surrounding 
metal surface. 


Ques. What forms of cork are used for “cork inserts”? 

Ans. One form is cork in its natural condition, another 
form is prepared as follows: Small pieces of cork are com- 
pressed into sheets and blocks of any desired shape under 
great pressure and under enough heat to cause the natural 
gums of the cork to exude and act as a binder. 
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TRANSMISSIONS* 


The term transmission has come to mean only that por- 
tion of the transmission gearing proper which lies between 
the engine shaft and the propeller shaft or driving chain; 
it does not include the rest of the driving gear, such as the 
clutch, bevel gear, jack shaft or differential. A better 
expression for this part of the driving mechanism is change 
speed gears, although the word transmission is generally 
used. 


Answers Relating to Transmission Principles 


Ques. Why is a transmission necessary? 

Ans. On account of the nature of the gas engine cycle. 
The piston of a gas engine is operated by an intermittent 
force, and not, as in the case of a steam engine, by a con- 
tinuous pressure, hence, it will only develop its full power 
when running at the maximum speed. 

A four cycle gas engine receives only one impulse in two 
revolutions; it must give to the fly wheel during that impulse 
enough momentum to keep the engine going at approximately 
uniform speed during the exhaust, suction and compression strokes. 
In other words, the fly wheel must overcome by its momentum, 


for one and a half revolutions, the resistance of the load and also 
that due to the back pressure of exhaust, suction and compression, 


*NoteE—The term ‘“‘transmission,’’ strictly speaking,includes the entire mechan- 
ism between the engine and the rear wheels, through the several parts of which 
power is transmitted. ‘The gear set is simply a part of the transmission, the drive 
another part, etc. However, by incorrect usage, the term has come to mean only 


the gear set. 
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Ques. How does the steam engine compare with the gas engine 
in regard to turning effect? 


Ans. So far as the number of impulses per revolution is 
concerned, one steam engine cylinder is equivalent to four 
gas engine cylinders of the four cycle type, therefore, with 
the latter a heavy fly wheel is necessary in order to trans- 
form the highly varying and intermittent driving force into 
one nearer constant so that uniform rotation may ke 
approached. 


GEARED LEVER 


Figs. 165 and 166.—Diagrams illustrating transmission principles. A lever 
is shown in fig. 165, attached direct to a drum, and in fig. 166, gear wheels are 
shown placed between the lever and drum. If the force applied to the lever, be 
the same in each case, a heavier weight may be raised with the geared lever, be- 
cause the force acts through a greater distance, the gear wheels multiplying the 
revolutions of the lever necessary to lift the weight a given distance. 


Ques. What are the duties of a transmission? 


Ans. The first object is to allow the engine to speed up 
until the energy which it stores in the fly wheel is sufficient 
to keep the shaft revolving at a speed showing no great 
percentage of variation. A second and principal duty is to 
adapt the engine to a heavy load, which, under other cir- 
cumstances, would cause it to slow down and stall, if required 
to work under such conditions any length of time. 


« 
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Ques. Explain by an example the necessity of a transmission to 
adapt the engine to a heavy load? 


Ans. It may be assumed: 1, that a man is raising a 
bucket :n a well by winding a rope around the drum of a 
windlass as shown in fig. 165, and 2, that the bucket must be 
raised a certain number of feet every minute; then if the 
bucket of water weigh such an amount as to require all his 
strength to fulfill these conditions, and that any extra 
weight added to the bucket would overtax his strength to 
such an extent as to make further progress impossible, it is 
evident that some mechanical contrivance is necessary 
which will enable him to exert the same strength, but apply 


it through a longer period of time. 


To make this plain, it may be assumed that he wished to lift 
a barrel weighing 600 pounds ten feet. It is evident that this 
could not be done in a direct manner. If, however, he should 
build an incline long enough, he would be able to roll it up, accom- 
plishing the same work, but taking a longer time. Another. way 
of doing it would be by the use of a lever. 

Now, returning to the first illustration, instead of turning 
the drum of the windlass direct by hand, a gear may be placed on 
the end of the drum and constructed to mesh with a smaller gear 
attached to the lever, as shown in fig. 166. 

To illustrate the principles involved, it may be assumed that 
the large gear on the drum is three times the diameter of the small 
gear. It will, therefore, require three revolutions of the small 
gear to one of the large gear, and the pressure exerted will be only 
one-third of that required if the crank were fastened to the drum 
direct, asshown in fig. 165. In either case, the work done is the same. 

To compare this with the conditions of automobile operation. 
the work required to litt the bucket may be represented by the 
work required to drive the machine, and the man’s effort, or force 
applied to the lever of the windlass, by the pressure exerted on 
the piston of the engine. 


Ques. What is work? 

Ans. Work is the product of two factors: force and 
distance through which the force acts. 

Ques. What is the relation between these two? 

Ans. For a given amount of work, force and distance 
are inversely proportional, that is, if the distance be in- 
creased, the force will be diminished a corresponding amount. 
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— a, 


Ques. How does this apply to the transmission, in adapting the 
engine to a variable load? 


‘Ans. The office of a transmission is to keep the first 
factor—force—within allowable limits, by permitting the 
second factor—distance—to vary in proper proportion. 

Ques. How are these factors represented in the operation of the 
engine? 

Ans. ‘The factor distance is represented by the distance 
travelled by the piston during the power strokes, and force, 
by the pressure exerted on the piston during these strokes, 


ENGINE - 


Fig. 167.—Conventional diagram illustrating transmission principles as 
applied to the automobile, A belt connects two cone pulleys one on the engine 
shaft and one on the rear axle. By shifting the belt to the right or left, the 
speed of the engine is respectively diminished or increased in relation to the 
speed of the rear axle. 


’ 


Ques. Explain by an example the application of these principles to 
automobile operation? 


Ans. Fig. 167 is a rudimentary diagram showing the 
working of a transmission. ‘Two cone pulleys, one on the en- 
gine shaft and one on the rear axle are connected with a belt.* 
By shifting the belt to the right or left, the speed of the engine 


* Note—In the early development of the automobile, a belt transmission 
somewhat similar to the one in fig. 167, was used in France i 

later by a system of toothed gear wheels of various diameters to give the several 
speed ratios between the engine and rear axle, necessary to adapt the gas engine 
to the varied conditions of automobile Propulsion. 


TRANSMISSIONS 279 


is respectively diminished or increased im relation to the 
speed of the rear axle. Since for a given amount of work 
the two factors force and distance are inversely proportional, 
factor force may be kept within an allowable limit when a 
heavy load is put on the rear axle by shifting the belt to the 
left so that the speed of the engine is increased in relation 
to the speed of the rear axle, thus increasing the factor dis- 
tance, and diminishing the factor force. 


In other words, when a heavy load is put on the rear axle, 
the speed of the engine may be increased in relation to the speed of 
the rear axle, by shifting the belt to the Jeft. This operation: 1, 
reduces the resistance to be overcome by the piston, and 2, stores 
up more energy in the fly wheel, both of which tend to keep the 
engine moving during the three non-power strokes of the cycle. 


Ques. With a gear transmission, how does the operation differ 
from the belt? 


Ans. Only a few speed changes can be made instead of 
any number, as is possible with the shifting belt. 


Ques. How many speeds are usually provided with gears? 
Ans. ‘Three speeds forward and one reverse; however, 
a few cars have transmissions giving four speeds forward. 


Ques. What is understood by low, intermediate, and high speed? 

Ans. The terms relate to the movement of the car. 
Thus, in fig. 167, low speed would correspond to belt position 
1, intermediate to position 2, and high speed to position 3. 


Ques. What other names are given to these speeds? 
Ans. First, second and third. 


Ques. What name is given to high speed? 

Ans. Direct drive, when the power is applied direct 
instead of being transmitted through the gears. 

Ques. Name the several types of transmission? 

Ans. ‘The progressive, selective, planetary and fric- 
tional contact. 
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Answers Relating to ‘‘Progressive’’ Trans- 
missions 


Ques. What is the method of operating a progressive transmis- 
sion? 


Ans. With this type of transmission it is necessary, as 
its name indicates, to make the various speed changes in a 
definite order, that is, in passing from low to high speed, the 
intermediate speeds must be passed through in regular order. 


Ques. Explain the arrangement and essential features of a three 
speed progressive transmission ? 


- Ans. In the diagram fig. 168, power is applied from the 
engine at P and delivered at T to the driving shait. The 
shaft ‘I is squared for a portion of its length, and runs in a 
bearing inside of the gear C. The gears I and L are cut out 
of the same piece of metal and fitted with a square hole so 
that they can slide along the shaft P, but not revolve inde- 
pendently of it. The gears C’, I’, and L’ are fastened rigidly 
to the countershaft CS, and therefore revolve with it. The 
gear R is an idler, but is so mounted that it may be shifted 
into mesh with I, and I/ when a reverse is desired. 


Ques. How is low speed obtained? 

Ans. If Cand C’ only be in mesh (fig. 168), and no power 
is being transmitted to the rear axle, then in order to obtain 
low speed, the gear combination IL, is shifted so that the gear 
L, will come into mesh with 1’. The drive then, is through 
C, C’, L, L, and out through the shaft axle T from L’ and L. 


Ques. Intermediate speed? 
Ans. For the intermediate speed the gears are shifted 
so that I will come into mesh with I’, L, of course, being 
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moved out of mesh with L/. The drive now is through C, 
C’, I’, I, and out through the shaft T to the rear axle. 


Ques. Reverse? 

Ans. ‘To reverse, L and R are shifted so that I, meshes 
with R, and R with I’. The drive, in this case, is through 
C, C’, LV’, R, L, the introduction of the fifth gear causing a 
reverse direction of rotation of the rear axle. 


Tig. 168—Diagram of a three speed ‘‘progressive’”’ transmission. The 
gears C’, I’ and L/ are fastened to the countershaft, while T and I, slide on the 
square portion of the main shaft ‘I; Ris an idler and is used for the reverse. 
The eens speed changes are made by altering the position of the sliding 
memberts. 


Ques. High speed? 

Ans. For high speed, gears I and I, are moved to the 
left so that they will be in mesh with no other gears, but a 
clutch cut into the left side of I will fit into the corresponding 
clutch in the gear C. This serves the purpose of coupling 
shaft T to shaft P, the drive then being “direct.” 
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Ques. What feature is characteristic of the progressive trans- 
mission? 


Ans. The arrangement of the gears requires a longer 
shaft, larger case and bearings, than do the other types. 


Answers Relating to ‘Selective’? Transmissions 


Ques.. What advantage is gained with a selective transmission? 

Ans. It permits the operator to throw in at will, any 
speed combination within the range of the transmission : 
thus it is not necessary in changing from low to high speed 
to pass through the intermediate speed as with the progres- 
sive system. 


Ques. Describe the arrangement of gears of a three speed selective 
transmission ? 


Ans. As shown in the diagram fig. 169, this gearing 
consists of two parallel shafts, T and CS, the countershaft CS 
having keyed to it the gears C’, ‘I’, L’ and R’, the latter 
a squared shaft T carrying the gearsI and L. Gear Gis an 
“idler’’ used for obtaining the reverse. Pisa driving shaft 
directly connected with the engine through the clutch. Its 
gear C runs free on the shaft ‘I, and is in mesh with gear C’, 


Ques. Through what gears is power transmitted for low speed ? 
Ans. ‘The drive, fig. 169, is from C to C’ to L through L/, 
Ques. For intermediate speed? 

Ans. I, is thrown out, and I thrown into mesh with I’. 
Ques. For high speed? 


Ans. ‘The claw clutch on I is slid into mesh with a cor- 
responding clutch on C. The drive in this case is direct, going 


from P directly out through TT, the gears C and I being locked 
by the clutch. 
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PLATE—SECTIONAL VIEW OF LOZIER SELECTIVE SLIDING GEAR TRANS- 
MISSION AND CLUTCH. 

In operation, the sliding gears are moved backward and forward by the gear shifter forks 
B, C and D (page 282b), which are attached to the gear shifter rods, these being actuated by 
the movements of the gear shifter lever. 

The clutch shaft E and the main shaft A are free to rotate at different speeds at all times 
‘except on direct drive. ‘The countershaft F is driven at all times by the constant mesh gears 
Gand H. The reverse shaft, or stud O, is stationary at all times, the gear N being free to 
rotate on it when its use is required. 

The gears I and N are compound gears, but for convenience, separate designations have 
been given to other gears P and O respectively integral with them. 

Sliding the large gear I backward engages it with gear J and gives first or low speed forward. 

Sliding the small gear K backward engages it with gear L and gives second or intermediale 
speed forward. 

Sliding the gear K forward causes the rear portion of the gear G to mesh with it internally 
giving third or direct speed forward. (That is, gears K and G form a gear coupling or clutch 
with G, the driving member, enclosed by K, the driven member.) 

Sliding the large gear I forward causes gear P integral with it, to come into mesh with the 
gear M and gives fourth or high speed forward. 

The reverse is obtained by sliding the gear N forward. This brings it into mesh with the 
gear J and, at the same time, the gear Q—integral with N—is brought into mesh with the 
gear I. This reverses the direction of rotation of the gear I, which in turn causes the shaft A 


to revolve contrary to its usual direction. 
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PLATE—TOP VIEW OF LOZIER TRANSMISSION AND BOTTOM VIEWS OF 
GEAR SHIFTER MECHANISM. 


Operation of Gear Shifter Lever.—The movements of the transmission gears are all 
accomplished by moving the hand lever from neutral position. 


Below the pivot ball of the hand lever is a finger or lever which is the lower end of the latter. 
This extends into the compartment or box which forms the transmission case cover. It there 
engages with one of the slots, provided in each of the sliding gear shifter rods contained in the 
compartment, in accordance with the position of the hand lever. As the hand lever is moved 
forward or backward, the rod with which the finger is in contact moves backward or forward, 
carrying the gear shifter fork and the gear which it affects accordingly. 


In neutral position with no gears engaged, the hand lever is in a nearly vertical position 
and the gear shifting mechanism is so arranged that the hand lever will assume this position 
automatically from either the right or left positions, but the lever should always be shifted 
to the neutral position upon stopping the car. Otherwise, when the car is cranked (if gears 
be in mesh or clutch engaged) the ear will move forward or backward with probable injury to 
the operator and others as well as to the car. 


When the gears are in neutral, the slots on the gear shifter rods are in line from right to 
left. An interlocking device of simple character makes it impossible to move more than one 
rod at a time and hence prevents the engagement of two or more sets of gear simultaneously. 
Another locking device, consisting of an arrangement of springs and snubs which fit into grooves 
cut in the shifter rods makes it impossible for gears to slip out of mesh, except at the will of 


the operator. 
2826 
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Ques. For reverse? 
Ans. A fifth gear G is used for this purpose; to reverse 


R’, Gand L, are placed in mesh. The drive then is through 
the gears C, C’, R’, G, and L. 


Another three speed selective transmission is shown in figs. 
170 to 173.. This gearing consists of two parallel shafts, I and 5, the 
former having keyed to it the gears B, C, D and E, the latter a 


Vig. 169.—Diagram of a three speed ‘‘selective”’ transmission. With this 
system any of the several speed changes may be made at will without passing 
through the intermediate speeds as is necessary with a progressive transmission, 


squared shaft for carrying the gears H and F. Gear G is an idler 
used for obtaining the reverse. S js the driving shaft directly 
connected to the engine through the clutch. A runs free on the 
shaft S and is in mesh with gear B. 

Taking first the low speed positiov (fig. 170), the drive is from 
FE to D to A through B. 

On the intermediate speed (fig. 171), F is thrown out, and H is 
thrown into mesh with C. 

For high speed. (fig. 172), the gear H is slid into mesh with 
an internal gear cut into the rim of A. The drive in this case is 


284 - AUDELS ANSWERS 


direct, going from S, directly out through A, the gear H simply 
serving as a clutch. : 

For the reverse (fig. 173), the gears E, G and F are in mesh, 
and as G makes the fifth gear, the direction of rotation is reversed. 


Figs. 170 to 173.—Diagram showing the variotts positions of the chance 
speed gears of a three speed selective transmission. It should be noted that 
this type is of different construction than that shown in fig. 169. 


In this form of transmission, the gears are so arranged that 
any speed may be obtained without having to go through any of 
the others, and therefore the one lever selective control is appre- 
ciated because it makes the operation of changing gears simple, and 
allows the car to be easily handled. 


Ques. How does a four speed selective transmission differ from 
one with three speeds? 


Ans. Only in the fact that four gears are used on the 
driving shaft instead of three. 
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che res With a four speed transmission, which speed is direct 
rive 


Ans. Usually the fourth; in some cases the third. 

Ques. Describe the speed changes for a four speed selective 
transmission, 

Ans. A transmission of this type is illustrated in the 
diagram, fig. 174. For low speed, the drive is through C, C’, 
Gand D. ‘The second speed through C, C’, Fand B. ‘Third 
through C, C’, E and A. ‘The fourth speed, which, in this 


This differs 


Fig. 174.—Diagram of a four speed selective transmission. 
from the three speed only in the fact that four gears are used on the driving 


shaft instead of three. 


case, is direct drive, is obtained by sliding the claw clutch A 
into engagement with C. For the reverse, the reverse gear 
R is thrown into mesh with G and D, making the drive 


through C, C’, G, R and D. 
Answers Relating to the Control Levers 
Ques. How are the change speed gears shifted? 


Ans. By a transmission or gear shifting lever attached 
to the side of the car next the driver. The lever is located 
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by the side of the emergency brake lever, and always on the 
inside, that is, the one nearest the driver. 


Ques. What feature of design distinguishes the gear shifting lever 
from the brake lever? 


Ans. Usually, the brake lever is provided with an 
external latch, while the transmission lever has a press button 
on top, the latch link passing down through the handle. 


i 


Fig. 175.—A transmission case with cover removed, showing gears in 
‘‘neutral position.”” The parts are as follows: A, Ist speed sliding gear; B 
1st speed driven gear; C, 2d speed sliding gear; D, 2d speed driven gear; E 
3d speed sliding gear; F, 3d speed driven gear; G, square portion of driving 
shaft, carrying A, C and E; H, driven shaft, carrying B, D and F; K, clutch 
pedal; L, gear striking fork; M, change speed lever; N, change speed quadrant. 


> 


Ques. How is the lever connected with the change speed gears 
of a progressive transmission? 


Ans. As shown in fig. 175, the lower end of the gear 
shifting lever is connected to a sliding rod which has attached 
a“finger’” L. The latter engages with a groove on the 
sleeve of the sliding gears, C to move A and E, which are in 
turn meshed with the gears B, D, and F, giving respectively a 
first, second and third speed. 


PLATE—SECTION OF ENTZ ELECTRIC TRANSMISSION AS USED ON THE 
OWEN CAR. 


It consists of a dynamo and a motor keyed on the same shaft as shown. The dynamo 
field cores and coils form the engine fly wheel and the collector rings are for the purpose of 
connecting the field current of the dynamo to the various circuits. The brushes of the dynamo 
revolve with the field. The two armatures are identical and the shaft to which they are keyed 
is attached to the propeller shaft but has no connection with the engine shaft. The dynamo 
field always runs at engine speed while the dynamo armature always runs at propeller speed. 


In operation, the rotation of the engine turns the dynamo field magnets and induces 
a current in the armature when the external circuit is closed; this produces magnetic attraction 
between the armature and field which tends to turn the armature. The current thus gener- 
ated by the dynamo is applied to the motor through rheostatic control to turn the propellei 
shaft and drive the car. 

On the foot of the steering column is an aluminum case containing various resistance 
coils and switches which comprise the control; this, briefly, is as follows: 

Neutral Position: All circuits are open, hence no current is generated. The storage 
battery is idle, unless in use for lighting. 

Cranking Position: Current for battery is applied to dynamo causing the latter to 
behave as a motor and spin the engine. 

Charging Position: Small current furnished by engine is applied to battery when the 
latter is low. 

First Position: Dynamo field windings connected through resistance. 

Second Position: Dynamo field is short circuited produci ing maximum current. The 
current produces a torque on the motor armature, the magnetic attraction of the dynamo 
field on the dynamo armature being utilized to turn the propeller shaft and drive the car. 
Battery not used. 

Third Position: Resistance switched into motor field thus throwing greater load on 
dynamo equivalent to tightening the magnetic grip on armature. 

Fourth to Sixth Positions: More resistance progressively put into motor field. 

High Gear Position: Dynamo field short circuited, and dynamo armature short cir- 
cuited giving the maximum driving torque. In high gear the motor gives a charging current 
to battery. 

Electric Brake: If the control lever be put into neutral position when the car is running, 
the motor is short circuited which causes it to act as an electric brake. Ona steep grade this 
brake will keep down the speed of the car to 15 or 20 miles per hour, having about the same 
effect as coasting on an ordinary car with clutch in, engine on second and throttle closed. 
It should be noted in tric above that the term motor designates the electric motor and not 
the engine. The common and erroneous use of the word ‘‘motor”’ to signify a gas engine 


should be avoided. 


PLATE—CONTROL AND ARRANGEMENT OF INSTRUMENTS ON COWL 
APRON OF THE HAYNES CAR. 


The various devices are as follows: 1, spark lever; 2, hom button; 3, throttle lever; 
4, priming button; 5, carburetter adjustment; 6, ignition switch; 7, circuit breaker indi- 
cator; 8, lamp switches; 9, speedometer; 10, clutch pedal; 11, brake pedal; 12, starter 
button—on floor; 13, muffler cutout—on floor; 14, gear shift lever; 15, emergency brake 
lever; 16, toot accelerator button. 


In operation, pressing down on the clutch pedal ‘‘C’’ releases the clutch—that is, disen- 
gages the clutch. It should always be allowed to return to its normal position very grad- 
ually so as to apply the power of the engine gradually. The pedal ‘‘B’’ operates the service 
brakes. If these pedals be not at a comfortable distance, they can be moved closer or far- 
ther away by the adjustment under the floor reached from the front of the dash. 


The center lever extending through the floor nearest the steering wheel is the gear shift 
lever. The other lever operates the emergency brakes. 


When the gear shift lever is in its center position, perpendicular to the floor, it is in the 
neutral position—that is, no gears of the transmission are in mesh, and the car will not move, 
even though the engine be running and the clutch be engaged. It is often helpful to shut off 
the engine entirely, and then go through the steps of shifting the gears. 


toe the gear shift lever to the left and back gives the correct position for first or low 
speed. 


Shifting the lever back to the neutral position and then to the right and forward, gives 
the second or intermediate speed. Pulling the lever back and to the right gives the third or 
high speed. The reverse speed is obtained by shifting the lever from neutral position to the 
left and forward. In going from first to second speeds, or to the reverse, it is always neces- 


sary that the lever be shifted to the neutral position first and then to the desired position, — 


Try shifting the lever to each position several times to become acquainted with the different 


positions. Always bring the lever to neutral position so that no gears will be in mesh when 
the engine is started again. 
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Ques. What is ‘‘neutral’’ position? 

Ans. . The position of the gear lever, as in fig. 175, which 
throws all the gear wheels out of mesh, and consequently, 
although the engine may revolve the shaft G, the power is 
not communicated to the shaft H. 


_ Ques. Describe the gear shifting mechanism of a selective trans- 
mission? 


Ans. This is illustrated by the diagram fig. 176. Ais 
the gear shifting lever on the end of the shaft F, which is free 


Fig. 176.—View of gear shifting lever, selector, and operating mechanism 
of a selective transmission. ‘The parts are: A, gear shifting lever; C, D, slots 
in selector; E, gate; F, oscillating shaft; G, bearing for oscillating shaft; 
K, selector lever; M, L, selector lever slets; H, J, selector bars; N, O, fingers 
for shifting sliding gears. 


to oscillate in sleeve G, or any bearing equivalent to the 
sleeve G, which is attached to some part of the car. It is 
also free to move endways inside the sleeve G. The extent 
of its oscillation in Gis determined by the length of the slots 
in quadrant B, through which the lever passes. It will be 
seen that the quadrant B has two slots, C and D, witha 
cate IX between them. Now the lever can only pass through 
from one slot to the other when it is in a position opposite 
to E, so that the combined width of the two slots determines 
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the distance of travel, of which the shaft F is capable inside 
the sleeve G. Attached at the other end of the shaft F, is 
a lever K, which not only moves with the oscillation of 
the shaft F, but is also moved endways with F. H and T 
are two bars which are free to slide endways in guides, which, 
for the sake of clearness, are not shown in the diagram. 
Projecting from the top slot of these bars are projecting 
slots with which the lever K can engage endwise so they may 
be moved lengthwise by any movement of the lever K. ‘The 
bars H and J, have projecting fingers N and O, which engage 
with collars on the sliding gears. 


Ques. Describe the operation of the mechanism. 


Ans. If lever A of fig. 176 be moved to a position opposite 
the gate E, the sliding gears controlled by bar H, will be 
thrown out of engagement. When in this position, the slot 
M will come opposite slot L. If, now, the lever be pushed 
through the gate E into the slot C, lever K will similarly be 
pushed out of slot M into slot L; the operation of the lever 
A will now only control the bar T. That is, the lever has 
been made to select another bar in place of bar H. 


Ques. How is “reverse”? accomplished ? 


‘Ans. The reverse mechanism; for simplicity, is not 
shown in the figure, but consists of a third slotin a quadrant 
parallel with slots C and D, and has a gate similar to E, 
through which the hand lever can be pushed to engage 
with a third bar parallel to H and J. 

It should be understood that the action of the gear shifting 
mechanism is such that the lever cannot be moved from one slot 


to the other without leaving the bar with which it formerly engaged, 
in the neutral position, and the wheels consequently out of gear. 


Ques. What is the object of the press button on the transmission 
lever? oe: 


Ans. Simply a safety device to prevent the lever being 
accidentally thrown into reverse position. 


PLATE—FORD PLANETARY TRANSMISSION DISSEMBLED, 


The illustration shows all the parts in their relative assembling positions. 
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PLATE—FORD PLANETARY TRANSMISSION SHOWING ALL GEARS IN MESH. 

The slow speed band may be tightened by loosening the lock nut at the right side of the 
transmission cover, and turning the adjusting screw to the right. To tighten the brake and 
reverse bands, remove the transmission case cover door and turn the adjusting nuts on the 
shafts to the right. See that the bands do not drag on the drums when disengaged, as they 
exert a brake effect, and tend to overheat the engine. However, the foot brake should be 
adjusted so that a sudden pressure will stop the car immediately, or slide the rear wheels 
in case of emergency. The bands, when worn so that they will not take hold properly, should 


be relined, so that they will engage smoothly without causing a» jerky movement of the car, 
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Answers Relating to ‘Planetary’? Transmissions 


Ques. What is a planetary transmission? 

Ans. One in which some of the gears are supported on 
pins or short shafts, which revolve around the main axis of 
the group. The same gears always remain in mesh with 


Fig. 177.—Diagram of planetary transmission. In operation, the band B 
which carries the four small planet wheels and which is attached to the propeller 
shaft is made to revolve slower than the engine shaft by the action of the planet 
wheels. These travel around the circumference of the central wheel, with which 
they are constantly in mesh. For slow speed: R is stationary; for high speed, 
B and R revolve with:W; for reverse, B is stationary. 

each other. Different sets are brought into action by stop- 
ping the rotation of one or the other of the parts which sup- 
port the gears whose axes revolve around the main shaft. 
To stop the rotation of any part, it is gripped by a strap or 
band forming a part of the mechanism, and similar to 4 


band brake. 


Ques. Explain in detail the operation of a planetary transmission. 
Ans. If in the diagram, fig. 177, the inner wheel W be 
driven by the engine shaft, and the rim R be fixed by a brake, 
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so that it cannot rotate, the band 8, carrying the four smali 
pinions, is forced to rotate bodily in the same direction as 
the inner wheel W, but at a much slower speed. ‘The band 
B may be replaced by a circular plate, which is rigidly con- 
nected to the chain wheel, driving the road wheels of the car. 
When the brake shown is applied to the rim, the chain wheel 
rotates forward at slow speed. 


Answers Relating to Frictional Contact Trans- 
mission 


Ques. What is a frictional contact transmission? 


Ans. A mode of transmitting power by contact of two 
plain revolving surfaces, usualiy in the form of friction discs. 


Ques. What advantages does this system possess? 

Ans. It obviates the difficulties incident to the use of 
sliding gear, or planetary transmissions, and also does away 
with clutches. Its chief advantage is that it permits an 
infinite number of variations in the speed ratio between the 
engine and rear wheels. 


Ques. Describe one form of frictional contact transmission. 

Ans. It consists of two elements, the driving friction 
disc and the driven friction disc. In the simplest form, the 
driven disc is set on a shaft at right angles to the driving 
disc, and is rotated by frictional contact between its edge 
and the face of the driver. When the edge of the driven 
dise is driven on a circle nearest the periphery of the driver, 
its speed is greatest. Asit is slid along its shaft, toward the 
center of the driver, as may be done by means of a squared 
portion, its speed is constantly decreased. At the center 
of the driving disc it ceases to rotate. If slid beyond the 
center, its motion is reversed. 
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THE DRIVE 


In the transmission of power to the dri ving wheels of an 
automobile, several methods are followed. ‘These vary ac- 
cording to the size and weight of the vehicle and the 
character of the engine, also according to the individual 
preference of the designer. One system is preferred to 
another on account of real or supposed reliability, its 
efficiency in economizing power, etc. 


Answers Relating to the Drive 


Ques. What types of drive are in general use? 


Ans. ‘The shaft, the chain, and the spur drive. 


Ques. Describe the shaft drive. 

Ans. In this method, power is transmitted from the 
gear box to the rear axle by a propeller shaft, as shown in 
figs. 178 and 179. ‘The engine is generally placed at right 
angles to the axle; it is therefore necessary to change the 
direction in which the power acts. 

This involves the use of bevel gears at the rear axle. In addi- 
tion, the following devices are required: 1, universal joints, 2, tor- 
sion rod, and 3, radius rods. 

Ques. What is a universal joint? 

Ans. A coupling for joining two shafts or parts of a 
machine endwise, so that the one may give rotary motion 
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to the other when forming an angle with it, or may move 
freely in all directions with respect to the other. 


Ques. Why are universal joints necessary? 
Ans. To allow the shaft to turn freely, even though it 


may not be in line with the shaft projecting from the gear 
box. 


Sel 


Figs. 178 and 179.—Sectional elevation and plan of the Decauville car, 


showing general arrangement of a propeller shaft drive through bevel gears 
to the rear axle. 


It must be remembered that the engine and gear box are 
mounted on the frame, and that there are springs interposed 
between the frame and the axles, hence, when the latter vibrate 
up and down, the rear end of the propeller shaft moves in a cir- 
cular path, with the forward universal joint as a center. 


Ques. Name two types of shaft drive. | 
Ans. One in which the propeller shaft is placed at an 
angle with the other shaft sections, fig. 180, and one in which | 
the several parts are in line, as in fig, 181. : . | 
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Ques. What name is given to the latter? 
Ans. ‘The straight line drive. 


Ques. What are its advantages? 


Ans. It reduces friction and wear due to the angu- 
larity at the universal joints. 


Ques. What is the construction of the straight line drive? 


Ans. It is such that when the car is loaded, the propeller 
shaft is in direct line with the crank shaft. Under these 


Figs. 180 and 181.—Diagrams to illustrate different constructions of shaft 
drive. ‘The upper figure shows the ordinary construction, in which the rear 
shaft length is at an angle with the engine shaft. The lower figure illustrates 
the ‘‘straight line drive’’ in which the several shaft lengths are placed in a 
straight line, thus eliminating friction and wear due to angularity at the uni- 
versal joints. 


conditions, the drive is accomplished in a straight line | 
which assures the delivery of the full power of the engine to 
the rear axle. On account of the action of the supporting 
springs, a universal joint is necessary, as the shaft sections 
are not in line when the car is light. 


Ques. What is a torsion rod? 
Ans. A rod attached rigidly to the housing or casing of 
the rear axle and fastened to a cross piece on the frame near 
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the transmission. Its object is to prevent the turning of the 
housing due to the thrust of the driving bevel. 


Ques. What is a radius rod? 

Ans. A device designed to prevent any forward or aft 
movement of the rear axle, which on account of the flexible 
action of the springs, may be caused by an obstruction in the 
road. Thus, if one wheel should strike heavy sand while its 
mate is on good surface, the rear axle will be thrown out of 
line with the drive and bring undue strains on the latter. 
To prevent this, radius rods are attached to the axle near the 
ends and pivoted at some convenient place on theframe. ; 
The axle, while free to rise and fall, is held at right angles 
to the drive. 


Ques. What two types of chain drive are in general use? 

Ans. ‘The single and the double. In the first method 
there is a chain and sprocket connection from the main shaft 
direct to the differential on the rear axle. A double chain 
drive has a separate chain for each rear wheel, driven from 
a transverse jack shaft, which, in turn, is driven direct from 
_the engine, and carrying the differential. 


Ques. Describe in detail the double chain drive. 

Ans. ‘This construction is found on practically all heavy 
cars using chain drive. Briefly, the system inciudes, as shown 
in figs. r87 and 188: 1, a transverse center divided jack shaft 
driven direct from the engine, or through the transmission 
gear, by bevels to the differential, 2, a sprocket at each end 
of the jack shaft for providing chain connection to the hub 
of each rear wheel, and 3, driven wheels turning loose at the 
ends of a dead axle tree, each being driven by a separate 
chain on a sprocket secured to its hub. 

Ques. What are the disadvantages of the chain drive? 

Ans. Principally the chain, which is an objectionable 
“sode of power transmission, especially under conditions of 
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automobile operation. ‘There is the additional complica- 
tion of jack shaft, sprockets, etc., involving much extra 
friction and wear. 


Ques. Why is a chain objectionable? 

Ans. Its use is accompanied by noise, excessive wear, 
imperfect engagement with the sprocket teeth and poor 
efficiency due to inherent defects and conditions of, service. 


Fig. 182.—Sectional diagram of bevel gears for a shaft drive, showing 
arrangement of the propeller shaft and location of the thrust bearings. 

Fig. 183.—Arrangement of bevel gear for shaft drive; A and B, sleeve and 
case for axles and gears; D, the driven gear; E, driving pinion; G, ball bear- 
ings on E, Hj; H, universal couplings on the differential; K, K, K, adjust- 
ments; L, yoke for flexible driving shaft. 


M. O’Gorman, a prominent engineer, before the British Society 
of Arts has credited the shaft drive with 69 per cent. efficiency, and 
the chain drive with two chains and a jack shaft with but 50 to 58 
per cent. efficiency. The gradual displacement of chain drive by 
the shaft drive is evidence of the superiority of the latter. 


Ques. Under what conditions should a chain operate? 
Ans. It should work in oil, in a dust tight case. 
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Ques. What is the advantage of the chain drive? 


Ans. The greater portion of the weight of the drive 
mechanism is supported by the frame instead of the rear 
axle housing; it is thus cushioned from shocks due to uneven 
road. 


Ques. What two kinds of chain are used? 
Ans. Block chain and roller chain, 


Ques. Describe a block chain. 


Ans. A block chain is made of a series of blocks, properly 
shaped to fit the teeth of the sprocket, each joined to similar 


Fig. 184.—Section of a driving chain, showing arrangement of the rollers 
and side links, 


blocks before and after by side links bolted through the body 
of the block, 


Ques. Describe a roller chain, 

Ans. <A roller chain is composed of a series of rollers, 
known as center blocks, joined by side links. Each roller 
rotates loose on ‘a hollow core which is turned to smaller 
diameter at either end, to fit a perforated side piece joining 
the rollers into pairs. ‘The side links are set over these side 
pieces and bolted in place through the cores, 


Ques. How do the two types compare in operation? 
Ans. A block chain with generous slack is liable to meet 
the sprocket with a continual clapping, which at high speed, 
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PLATE—WORM GEAR DRIVE AS APPLIED TO THE JEFFERY CAR. 


Owing to the large velocity reduction obtainable by this form of gear it has been exten- 
sively used for trucks and electrics, but is now being applied to gasoline pleasure cars. It has 
the advantages of silence of operation and great durability. 


PLATE—WORM DRIVE AS APPLIED TO THE PIERCE-ARROW TRUCK. 


A propeller shaft with enclosed universal joints at each end transmits the power to the 
worm gear and rear axle. The worm wheel and differential gearing are assembled as a 
unit with the cover of the axle housing. This housing carries all of the weight, the driving 
shafts being full floating and transmitting only the driving power to the wheels. A torque 
rod takes all driving and braking torsional strains, while two side radius rods relieve the rear 
springs of all tractive effort. Annular ball bearings are used to take the radial and thrust 


loads of the worm and wheel, while the road wheels run on conical roller bearings. 
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SS 
becomes a rattle; the roller chain is largely free from this 
trouble. 


Ques.. Describe in general the operation of a chain. 

Ans. ‘The rivets of a chain act asa number of auxiliary 
shafts, and operate under friction in the same manner, but 
with less favorable conditions than the shaft that drives 
them. A chain can never be in true pitch with its sprocket. 
A pair of spur gears tend—to a certain extent— to wear into 
a good running fit with each other, but a chain, if made to 
fit its sprocket when new, does not continue to do so a 
moment alter being made, as wear at once throws it out. 


Figs. 185 and 186.—Diagrams showing the behavior of a chain on a 
sprocket of equal pitch, and on one of unequal pitch. 


This being so, it must be put up with, and involves the con- 
sequence that a chain can only drive with one tooth at a 
time, supplemented by any frictional ‘“‘bite’’ the other links 
may have on the base of the tooth interspaces. If the chain 
be made to fit these accurately, as in fig. 185 (taking a roller 
chain for illustration), it is obvious that the least stretch will 
cause the rollers at AA to begin to ride on the teeth as at B. 
If, however, the teeth be made narrow, compared with the 
spaces between the rollers, a considerable stretch may occur 
without this taking place. The roller interspaces, then, 
should be long, to permit the teeth to have some play in 
‘them, while retaining sufficient strength as shown in fig. 186, 


at B. 
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In order that the driving sprocket may receive each incoming 
link of the chain without its having to slide up the tooth face, it 
should be of a somewhat longer pitch than its chain, the result 
being that the bottom tooth takes the drive, this being permitted 
by the tooth play shown in fig. 186. This difference, of course, 
gradually disappears as the chain stretches. The! back whee] 
sprocket, on the other hand, should take the drive with its topmost 
tooth, and hence should be of slightly less pitch than the chain, 
but as the pitch of the latter constantly increases, it may be origin- 
ally of the same pitch. The only remaining point with regard 
to design, and one which the owner of the car may easily ensure, 
is that the number of teeth in the sprockets be prime to that of the 
links in the chain. 


Figs. 187 and 188.—Elevation and plan of chassis, showing details of chain 
drive, The essential parts are: a jack shaft with differential, sprockets, and 
separate chain to each rear wheel. 


Ques. What causes the snap and rattle of a chain? 

Ans. ‘The fact that even with the best designed sprocket, 
as each tooth in turn passes out of engagement with the 
chain, the next roller must be drawn forward through an 
appreciable distance before engaging a tooth. ‘This action 
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not only produces the noise, but it is an important factor 
in waste of driving power. 


Ques. What attention should chains receive to maintain a proper 
working condition? 


Ans. ‘The principal points to be observed in the tse and 
care of sprocket driving chains are: 1, to maintain the proper 
tension in order to avoid “whipping’’—which, particularly 
with a long one, is liable to result in snapping of the chain,— 
and, at best, involves a loss of driving efficiency. The chain 
should not be drawn too tight, lest a similar disaster result. 
Some slack must always be allowed, 2, two sprockets should 
always be kept in alignment. In the case of a double chain 
drive, from a counter shaft parallel to the rear axle, care 
should be exercised to maintain the parallelism, even pre- 
ferring a somewhat loose chain to a tight one that strains 
the countershaft, 3, if a link show signs of elongation, it 
should be replaced by a new one, 4, whenever the chain is 
removed for cleaning or other purpose, it must be carefully 
replaced, so as to run in the same direction as formerly, and 
with the same side up. The chain should never be turned 
around, or its direction between the sprockets reversed, 
5, a new chain should not be put on a much worn sprocket, 
6, a chain should be frequently cleaned and rubbed with 
graphite, because the chief difficulty involved iu the use of 
driving chains is the liability to clog and grind with sand, 
dust, and other abradents, and 7, after steady use for a more 
or less extended period, the chain should be removed and 


cleaned throughout. 


Ques. How may a chain be best cleaned? 

Ans. After removing it from the sprockets, cleanse nrst 
in boiling water, then in gasoline, in order to remove all 
grease and dirt. The common practice is next to boil the 
chain for about half an hour in mutton tallow, which is 
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thereby permitted to penetrate all the chinks between rol- 
ling surfaces forming an excellent inside lubricant. After 
boiling, the chain is hung up until thoroughly cool, at which 
time the tallow is hardened. It may then be wiped off 
clean and treated with a preparation of graphite, or a 
graphite alcohol solution on its inner surface. 

Some authorities recommend that the chain, after it is cleaned 
in boiling water and gasoline, should be soaked, first, in melted 
paraffin for an hour at least, and then in a mixture of melted 

_ mutton tallow and graphite. After each soaking, it is dried and 
wiped clean. With either process, a daily application of graphite 
is desirable. 

Ques. Is it necessary that both chains be of equal tightness? 

Ans. No; the differential gear on the jack shaft will 
counteract this and cause each chain to do its share of the 
driving. 


Ques. What adjustment is important with a chain drive? 

Ans. The jack shaft and rear axle should be made par- 
allel by adjusting the radius rods to secure the proper engage- 
ment of the chain with the sprockets, 


Ques. What may be said of the spur gear drive? 

Ans. Transmission of power by spur gears, as from 
engine shaft to differential drum, or to an external or internal 
gear on each of the rear wheels, is, in some respects, very 
desirable. The drive between spurs is steadier, and is 
attended by smaller loss of power than between chains and 
sprockets, or bevels, 


- POOS 
: : ¥ y 4 - *yon14 94} jo sired 
-goyy0 Aue 10 seiry ‘soyxe ‘syyeys oy} Jo Aue 0} Urerzs JNOYITAA SToUIOO BuruINy Jo SujIWHIEd osle ‘so[xe Iva PUL JUOIZ VooMIeg PeplArp ATjenbs 
urelys pue omod sdeoy Ajjuesuoo YoryM puv ‘se[xe 07 sijeys SAIIP OY} PUoj}xe YOIYM WoIj TeuesepIp e pooeyd si UoTsstusueIy-qns UL reo 
USALIp OY} JO Spisuy “SeTxe YOq ye PUe YONI Jo JojUeo 9yy ye YIOq ‘oouesKE|O J9}eI13 SOAIB snyy pue ‘YONI, JO opis 4jo] OY} OF SUT, JojUED 
WoJj JoMOd sy} SiojsuvI} UOTSSIUISURIy-qNS SIU, “YONI, WO} Sey} OY} UL sivo8 pue UrTeYyd JUdTIS ‘JeIyUeIeyIp pue “yonI} Uo} FeYy-euo pue ouo 
oy} Ul sieved pue [eUSrTeY!p JO sysisuod yor pue ‘yuouryreduI09 oyeredes © Ul UOISSIUIsUeI}-qns © SI SuUIseO Uolsstsuel, OY} JO Woe_ 


“AGO SUANAGAVO HLIM MOAWL NOL AIVH-GNO GNV ANO ‘AATEC TEGHM UNAOA—ELV1d 


PLATE—HELICAL BEVEL GEAR DRIVE DESIGNED TO ELIMINATE 
NOISE OF GEAR TEETH MESHING. 


For rear axle use on motor cars, a helical bevel pinion and gear has been developed after a 
long series of experiments, and commercially introduced to replace the straight bevel. Silence 
in action is one of the chief advantages claimed for the construction, while the efficiency re- 
mains constant under all conditions. Any given tooth in a straight bevel gear meshes and 
demeshes along its entire length at one time. In the case of the helical bevel, the meshing 
begins at one end and works to the other end of a tooth, so that at least two teeth are partly 
engaged all of the time. This gradual entering and leaving mesh eliminates the clicking and 
noise of ordinary gearing. 
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THE DIFFERENTIAL 


When a car travels around a curved path, the distance 
travelled by the outside wheels is greater than that travelled 
by the inside wheels. 

As the front wheels are loose on the axie, they can turn 
at different rates to compensate for this difference. Since 
both rear wheels are driven by the engine, it is necessary to 
apply a device that will permit them to rotate at different 
speeds, and receive an equal division of the power. 

To accomplish this, a system of gears, called the differen- 
tial is provided. ‘The differential may be defined as a system 
of gears, which permits one wheel to travel independently 
of the other while going around a curve, so that the outer 
wheel may accommodate itself to the longer path it has to 


travel. 


Answers Relating to the Differential 


Ques. What two types of differential are in general use? 


Ans. ‘The bevel, and the spur differential. 


Ques. Describe the bevel type of differential gear. 

Ans. ‘This is the original form, and is largely used. As 
shown in figs. 189 and 190, the sprocket or drive wheel has 
secured to its inner rim several studs carrying bevel pinions, 
which, in turn, engage a bevel gear wheel on either side of the 
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sprocket. These gear wheels, last mentioned, are rigidly 
attached on either side to the inner ends of the center 
divided axle bar, one serving to turn the left wheel, the other 
the right. When power is applied to the sprocket, causing 
the vehicle to move straight forward, it may be readily under- 
stood that the bevel pinions, secured to the sprocket, instead 
of rotating which would mean to turn the drive wheels in 
opposite directions, remain motionless, acting simply as a 


Figs. 189 and 190.—Bevel gear differential. The sprocket gear carries 

' three bevel pinions set on studs on three of its radii. These pinions mesh 

with bevel wheels on either side, which wheels are attached at the two inner 
ends of the divided axle shaft. 


kind of lock or clutch to secure uniform and continuous 
rotation of both wheels. So soon as a movement to turn the 
vehicle is made, at which time the wheels tend to move with 
different speeds, the resistance of the wheel nearer the 
center, on which the turn is made, tending to make it turn 
more slowly than the other, as may be observed, these pinions 
begin rotating on their own axes. Thus, while allowing 
the pivot wheel to slow up or remain stationary, as con- 
ditions may require, they continue to urge forward the other 
at the usual speed. : . 
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Ques. State the principles upon which the operation of the 


differential depends. 


Ans. The principles involved may be expressed under 
four heads: 1, when the resistance offered by the two drive 
wheels and attached gear is the same, as when the car is 
driven forward, the pinions cannot rotate, 2, when the 
resistance is greater on one wheel than on the other, they will 
rotate correspondingly, although still moving forward with 


Figs. 191 and 192.—One form of spur differential or balance gear. ‘The 
‘wo inner 2uds of the divided axle shaft carry spur wheels which mesh each 
with one oi every pair of the three pairs of spur pinions shown. As these pin- 
ions mesh tcgether both rotate on their axes as soon as the car takes a curve. 


the wheel offering the lesser resistance, 3, the pinions may 
rotate independently on one gear wheel, while still acting 
as a clutch on the other, sufficient in power to carry it for- 
ward, and 4, if a resistance be met of sufficient power to 
stop the rotation of both wheels and their axles, the con- 
dition would affect the entire mechanism, and the pinions 
would still remain stationary on their own axes, just as when 
in the act of transmitting an equal movement to both wheels, 


For light service, the sprocket or spur drive generally carries 
two pinions, as shown in the figure, but in larger vehicles the © 
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number is increased to three, four, or six, and the size, pitch, and 
number of the teeth are varied, according to requirements. Of 
course, it is essential that the equalizing gears be properly chosen 
for the work they are to perform, in the matter of the number ol 
pinions and of their teeth, as well as of the metal used, on account 
of the great strain brought to bear on them. 


Ques. Describe the spur differential. 

_ Ans. In this variety, the theory of compensatior is the 
same as with bevel gearing; a divided axle or jack shaft 
whose two inner ends carry gear wheels cut to mesh with 
pinions attached to the sprocket pulley. These pinions are, 
however, set in geared pairs, with their axes at right angles to 
‘the plane of the sprocket. As shown in figs. r91 and 192, the 
pinions of each pair are set alternately on one side or the 
other of the sprocket, meshing with one another in about 
half of their length, the remainder of each being left free to 
mesh with the axle spurs on the one or other side. The 
‘differential here illustrated, has three pairs of pinions, one 
of each meshing with either of the axle gears. With some 
differentials the divided axle carries internal gears, with 
others, true spur wheels. The operation is obvious. When 
the vehicle is turning, one rear wheel moves less rapidly, 
causing the pinion with which it is geared to revolve on its 
mate, which, in turn, revolves on its own axis, although 
still engaging the gear of the opposite and moving wheel of 
the vehicle. 
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RUNNING GEAR 


The term running gear includes such parts as the frames, 
springs, axles, wheels, brakes, and steering gear. 

In early construction, automobiles were built with some 
form of underframe, whose essential elements were “ perches”’ 
connecting the front and rear axles, as in most horse car- 
riages, and some form of swivel joint to permit of consider- 
able distortion, in compensation for unevenness on the road- 
way. 

The two objects sought in this supposedly necessary 
structure were strength and flexibility. Many designers 
used complicated frames of steel tubing, with the ad- 
ditional object of securing lightness. ‘These elements have 
since been almost entirely abandoned, except in a few light 
steamers and electric wagons, for designers learned by 
experience that with properly arranged springs an automobile 
can be strong and flexible, without perches and swivels, and 
light, without steel tubing. 


Answers Relating to The Running Gear 


Ques. Describe a modern frame. 

Ans. ‘This consists of a rectangular frame, built of steel 
channels, suitably braced, and having several cross members. 
Attached to the ends are springs designed to absorb the 
vibration and shocks. 
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Ques. What is the construction of the springs? 

Ans. The type generally used is known as the “leaf 
spring,’’ and consists of several layers of steel plates or leaves 
slightly bent, so that, when laid together, they form a series 
of superposed arcs. 


Ques. What feature is essential in a spring of this construction? 
Ans. It is important that the line of the are formed by 
the spring be carefully followed from end to end of each 
plate, and that no attempt be made to straighten or bend 
back the extremities of the longest leaves. This is true, 
because the spring effect is derived from the temper of the 


Fig. 193.—Three point suspended spring or platform spring. 


metal in permitting the load to flatten all the arcs at once 
under a single stress, which involves that they should slide 
upon one another in altering their shape, as could not be the 
case were there any such departure from the line of the arc, 
as has been mentioned. 


Ques. What three forms of leaf springs are used on automobiles? 
Ans. ‘The elliptical, the semi-elliptical, and the scroll. 


Ques. Describe the three forms. 

Ans. 1. ‘The elliptical spring is formed by connecting 
two semi-elliptic or arc shaped springs at their extremities— 
generally by bolts passed through perforated bosses formed 
at the ends of the longest leaves—and is attached at the 
apex of each arc by clips or nuts. 
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2. The semi-elliptical spring consists of a segment 
formed by a number of leaves or blades, and is arranged to 
be attached at the bottom and the two extremities of the arc. 

3. The scroll spring differs from the semi-elliptic in 
having one extremity of the are rolled up and turned inward. 
It may be attached by a link or a shackle to a flat or semi- 
elliptical spring—forming a “scroll-elliptic’”-—or to the body 
suspended above the axle. 


Ques. What two qualities are essential in a good spring? 


Ans. Resistance and resilience. 


Berinial | 


Figs. 194 and 195.—Diagrams illustrating the forward and sidewise lunges 
uf the body of an automobile in travel, with indication of the distortion of 
the elliptical springs. 


While a spring should be calculated to give sufficiently to 
absorb the jars of travel, it should not be so resilient as to rebound 
with a series of vibrations. 


Ques. What is a shock absorber. 

Ans. A device for insuring the gradual return of a spring 
to its original shape after being compressed, so as to deaden 
its rebounds and after movements by absorbing them with 
some form of frictional resistance. 


One form of shock absorber is shown in fig. 196; it consists of 

the two arms, A and B, joined frictionally by bolt C. The arm, A, 

carries a cup-like bronze shell, D, and the arm B,a plate, F. A cup- 

like piece of oil soaked raw-hide is secured between the plate and 

the shell, being screwed by the nut G, on the bolt, C. An oil 

soaked leather washer separates it from the plate F. This nut is 
; split arid locked in place by the collar H. By screwing sufficiently, 
nae nut G, any desired degree ~f friction may be obtained. The 
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arms, A and B are joined to the frame and the axle by two cone 
like frictional joints, which also can be regulated. 


Ques. What is a torsion rod? 

Ans. A rod rigidly attached to the housing of the rear 
axle, and flexibly fastened to a cross member of the frame 
near the transmission. 


Ques. Describe a second form of torsion rod. 

Ans. <A modified construction consists of a cylindrical 
sleeve, enclosing the propeller shaft, and attached rigidly 
to the bevel gear case; it is pivoted at the other end to the 
frame, or carried by a bearing on the shaft. 


Fig. 196.—The ‘T'ruffault spring suspension for neutralizing shocks due to 
sudden spring action. 


Ques. What service does a torsion rod perform? 

Ans. It resists the torque or twist due to the thrust 
of the propeller shaft pinion, which tends to cause the housing 
to revolve around the rear axle as a center. 

Ques. What is a radius rod? 

Ans. A rod used with a chain drive to resist the pull 


of the chain and maintain the rear axle at a fixed distance 
from the jack shaft. } | 


*oAINO B PUNOIV SUIOB UI S¥ ‘1vd a4 JO S}snIq4 
Opis 0} onp oq Avul se 4dooxo o[x¥ OY} UO JUSTIEAOUI SuIpusq OU BuINq o10y4 P%Ue]eq SI JseyM oy} snyy ‘jasfo fo ppajsu2 J2oYM 9} JO surydad 
OY} Uf SE 3u1409q ay, yey UOIWdooxe oY} YA o[xe Bul}EOy-TWes oy} se OUTS vq} ST worjpoNnI4suO0S SIGJ—a]xy SUNvOTT Je}1eNGO-se1g J, 
*1204@ ay} fo aun]g ay} Ut JOU st Sur4Daq ayy, “SKEMAPIS SPLYS J20qM 94} UsyM PUP SPAIND 
Sulu} Ul ‘UOT}OveI YsHIy} Aq posned PLOT 9y} Jo yred soe Pues SfeoyM 94} SOAP IeYs o[xe oy} ‘UoTONnI4sUOD U]—ejxy SuNvolj-Teg 


‘aTIXV UVa JO SAdAL—ALV 1d 


WILNSYS44 10 


| Ae. , 
eI z 
E DIIFFTO TTT) AEA = LESS | MIE TEMP TOLPIOE LES 6; POPSET TTPLETIIETD: 


& edt eteed, 2 2 tA teed a 


a 
ee Ww if S yates 
COSA ff eR YY 
>A dl Q SAS 


} e |. oNluvas 


3808a 


9808 
‘sjooyM oY} Burqinystp ynoyym ‘porisep jt poAowier oq Aeul eas yetjyusleyip ey} pue 
peqinysrp you si qny jooym oyy, “4yeYys oY} Jno Buyind pue deo qny v yo dure, Aq pesoutel aq ABUL SO[XB OALIP ayy ‘a]xV BurzeoH [[AJ ae ar 
*s[ooM OY} OF ONbI0} BuTATIp oy} syrumsues, Ajduns ynq reo oy} JO FYsIEM ay} JO Aue Arreo JOU sop a[xe BUIALIp 94} uoryeiodo Ur ‘snyy, *sossed 
Q]xe BUIALIP oy} YOrM Ysnosy} pur ‘poyunour ore sjeoym Oy, YOrYyAs uodn Zuisnoy @ Aq pelireo st yYys1Iem Ivo 9y} [IP uorjoniysuo0o Sty} UT 


‘TIXV UVAU ONILVOT T1INd—alvid : 


AIGWASSV 


Y 

q N 

BS ql 1. Ea ee naan d SSS 
Jy, Pres pemenes BY 


am wa wr wr a = 
a 


OD 2 
AIA 


LAVHS JAIYG SONINVad GNH 


THE RUNNING GEAR 309 


Ques. Explain briefly the difference between a torsion rod and a 
radius rod. 


Ans. A torsion rod resists the twist on the rear mem- 
ber, due to the action of a shaft drive, while a radius rod 
resists the thrust on the rear shaft caused by chain drive. 


Ques. What provision is made to allow the shaft to move up and 
down? 


Ans. With chain drive, the radius rod describes an arc, 
with the rear axle as center, while the springs rise and fall 
in travel. With shaft drive, a slip joint on the shaft is 
sufficient to compensate for the varying angle of the shaft. 
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Fig. 197.—Semi-floating rear axle. In this construction the axle F, not only 
serves to transmit the power to the wheel, but also to support the weight of 


the car. 


Ques. What is the distinction between a “dead” and a “live” 
axle? 
Ans. A dead axle does not turn; a live axle turns with 


he wheels. 


Ques. What is a “semi-floating’’ axle? 

Ans. A semi-floating axle is one in which the wheels 
are secured directly to the transverse rear axle; it not only 
serves to turn the wheels, but also to support the weight of 


‘the car. 
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Fig. 197 illustrates a semi-floating rearaxle. In this construct- 
ion the wheel is attached directly to the rear axle, which not only 
serves to propel the wheel, but also to support the weight of the 
car. The hub H of the wheel is a snug fit on the end of the axle F, 
and the Woodruff keys K and the nut N serve to secure the wheel 
thereon. The hub cap C is not absolutely necessary, as it merely 
serves as an ornament, and to protect the nut N from being dam- 
aged by rust, bumps, and other hazards. 


Ques. What isa “floating axle?” 
Ans. A floating axle is one in which the wheels have a 
bearing entirely upon the rear axle housing, so that the 


Fig. 198.—Floating rear axle, The weight of the car coming on the rear 
wheels is supported by the housing, while the axle serves only to transmit the 
motive power to the wheels, 


weight of the car is carried entirely by the housing. ‘The 
axle in this construction serves only to transmit the motive 
power to the wheels. 


A floating type of rear axle is illustrated in fig. 198, C represent- 
ing the housing, H the hub of the wheel, S the ends of the spokes 
of the wheel, and B the bearings. It will be noticed that the wheel 
bears directly on the housing C and is held by the nut N. The 
axle F has a flanged end G which forms a clutch that meshes with 
the outer edge of the hub H, the depth of the notches in the clutch 
and hub being represented by the dotted line D. The clutch and 
shaft are held in place by the hub cap, and in this construction the 
length of axle F on either side of the driving gear and differential 
mechanism may be pulled out of the housing by simply removing 
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CLINCHER RIM MEASUREMENTS 


. P Diam. of rim at : z Diam. of rim at 
Inside diam. tire seat for : Inside diam. tire seat for 
Size Of EIS OT ranean dices Size of rimsfor| wood and wire 
wood wheels wheels wood wheels wheels 
x21 20.834” 21 34x3 27347" 28 
38 x 343 21.834/" 22 36x3 2934/" 30 
30x24 23.834" 24 28x3% 206 21 
32x2% 26.834” 27 30x34 22%, 23 
34x21 28.834” 29 382x314 2446 25 
36x24 30.834” 31 34x 314 261%6, 27 
26x3 19.834/” 20 36x34 281146 ‘ 29 
28x3 21,834” 22 30x4 21" 22 
30x3 23.834/” 24 32x4 23114! 24 
32x3 25.834” 26 34x4 25114!" 26 
34x38 27.834’" 28 36x4 27146" 28 
36x 3 29.834/” 30 28x44 1827/4" 19 
26 x 214 2034” 21 30x 414 20216” 21 
Ox2 4, x44 AQ 2 
a a ee 
4x2 A, x “2 
86x24 3034” 31 30x5 1921g” 20 
, 26x38 1934” 20 32x5 211g" 22 
28x3 2134” 22 34x5 23716" 24 
30x3 2334/7 24 : 86x5 25716" 26 
382x3 2534" 26 40x5 29216” 30 


Note—The 28 and 30X21 tires are made interchangeable with the 28 and 30 X3 tires, 


BALL BEARING DATA 
(American Ball Co., Providence, R. I.) 
Surface of a ball =D2X3.1416, 

Volume = D8 X.5236, 
Circumference =D X3.1416, 

To determine the diameter of the circumscribed circle, enclosing a ring of a given num- 
ber of balls:Multiply the factor in table below the number of balls in ring, by the diameter 
of ball plus clearance between each pair of balls, and add to this product the diameter of ball, 

D=(D+Cx B)4+a. 

D = diameter of enclosing circle, 

d = diameter of ball. 

F = factor in table. 

C = clearance between each pair of balls, 


TABLE OF FACTORS 
No, of No. of No. of No. of 


balls Factor balls Factor balls Factor balls Factor 

6 2.0000 19 6.0756 32 10. 202 44 14.018 

7 2.3068 20 6.3925 33 10. 520 45 14.336 

8 2.6131 21 6. 7095 34 10. 838 46 14. 654 

9 2.9238 22 7.0266 35 11.156 47 14.972 
10 3. 2361 23 7.3338 36 11.474 48 15.290 
11 3.5490 24 7.6613 87 11.792 49 15. 608 
12 3, 8637 25 7.9787 388 12.110 50 15.926 
13 4.1785 26 8. 2962 39 12.427 51 16, 244 
14 4.4940 27 8.6138 40 12.745 52 16. 562 
15 4. 8097 28 8.9315 41 13. 064 53 16.880 
16 5.1259 29 9. 2493 42 13.382 54 17.198 
7 5.4423 30... 9. 5668 43 13.700 55 nie genay bd 
18 5.7588 31 9.8845 : 

pit The following is another formula which gives the radius of the enclosing circle of a ring of 
alls: r 
R=r+ 
180° 


sin 
R=radius of enclosing circle. 


r =radius of ball. 
” = number of balls in ring. 
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the hub cap and without removing the wheel. Thus the differ- 
ential and driving gear unit may also be removed without disturb- 
ing the axle. 


Automobile wheels should have the following qualities 
of construction: 


1. They must be sufficiently strong for the load they 
are to carry, and for the kind of roads on which they are to 
run. 


_ =_—-— es 


Fig. 199.—The Ranier pedestal frame, designed to control the movement 
of elliptical springs, preventing all distortions in travel. 


2. They must be elastic, or so constructed that the 
several parts—hub, spokes and felloes, or rims—are sus- 
ceptible of a certain flexibility in their fixed relations, thus 
neutralizing much vibration, and allowing the vehicle 
greater freedom of movement, particularly on short curves 
and when encountering obstacles. 

3. They must, furthermore, be sufficiently light to avoid 
absorbing unnecessary power in moving. 

4. They must be able to resist the torsion of the 
motor, which always tends to produce a tangential strain, 
‘This is the reason why tangent suspended wire wheels are 
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invariably used on automobiles, instead of the other variety, 
having radial spokes. 

5. They must have sufficient adhesion to drive ahead 
without unduly absorbing power in overcoming the tendency 
to slip on an imperfect road. 


The importance of the two last considerations may be readily 
understood, in view of the-fact that the wheels receive the driving 


Fig. 200.—Forward running gear of the Northern car, showing springs 
connected with a vertical shackle. With this arrangement, it is claimed the 
return of the spring will be confined to the power of its tension or deflected 
state. It must return through the shackle on dead center, as it were, and 
not through the shackle as a hinge. 


power direct instead of being merely rotating supports, like the 
wheels of horse drawn vehicles. 


Ques. What is the approved type of wheel? 
Ans. The wooden, or so called “artillery wheel.” 


Ques. Describe the construction of the artillery wheel. 

Ans. A number of wedge spokes are set together around 
the nave, and a hub formed of steel plates at front and rear; 
these are bolted through the spokes, thus holding them 
firmly in place. The spokes terminate in a substantial 
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wooden rim which is provided with a suitable metal flange 
for attachment of the tire. The construction of wooden 
wheels is shown in figs. 201 to 204. 


Ques. What is “dishing” of wheels? 


Ans. The slight inclination of the spokes from the 
outside plane of the rim inwardly, so as to make the wheel a 
kind of flattened cone. 


Figs. 201 to 203.—Construction of wooden artillery wheel with tongue 
and groove joint between. the spoke wedges, ensuring great strength and 
rigidity. 


Ques. What is the advantage of this construction? 

Ans It transforms the spokes into so many springs, 
possessing elastic properties, and renders the wheel capable 
of being deformed under sidewise stress. The shocks of 
collision with obstacles are thus distributed through the 
flexibly connected parts, as could not be the case if the wheel 
were made in one piece or on one plane, and the consequent 
“wear and strain is greatly reduced. 
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Figs. 204 and 205,.—A typical wooden artillery or wedge wheel showing 
manner of setting the spokes and the construction of the hub. 


Fig. 206.—Diagram showing the relative dr 


2 z the op into a road rut betweea a ; 
small carriage wheel and one twice its diameter. : 
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Ques. How is the dish usually balanced? 


Ans. By slightly inclining the axle spindle from its 
center line, as shown in fig. 207, thus bringing the lowest 
spoke to a nearly vertical position. 


Ques. How is the action of a wheel influenced by its size} 


Ans. ‘The larger the wheel the smaller the shocks experi- 
enced in passing over inequalities in the road. 


ST Ae 


Fig. 207.—To illustrate the inclination of the wheels. The cut shows a 
Matheson car having the front wheels inclined three degrees to balance the 
‘‘dishing’”’ of the spokes and bring the lowest spoke into a vertical position. 


Thus it is that a wheel five feet in diameter will sink only 
one-half inch in a rut one foot wide, while a thirty inch wheel, as 
shown in fig. 206, will sink nearly three times as deep, with the re- 
sult that the resiliency of its tires must be much larger, in order 
to compensate for the greater shock experienced. The larger wheel 
also rises less quickly over obstructions. 

There are, however, other methods for neutralizing the shocks 
on rough roads. The end of obtaining a low and easy running rig 
may be achieved quite as well by increasing the length of the 
vehicle, the length of the springs and the size of the tires, as by 
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adding to the height above the ground. Also, the broad tire is 
superior to the narrow one in the very same particular that it will 
not sink so quickly into mud and sand, and, by its greater buffing 
properties, neutralizes the concussion otherwise experienced with 
small wheels. These and other similar considerations have largely 
determined the prevalent practice of using wheels of moderate 
diameter for automobiles. 


SS) 


PLATE—FORD EMERGENCY BRAKE AND FRONT WHEEL CONSTRUCTION, 


How to remove the wheels.—Front wheels: Take off hub cap, remove cotter pin and 
unscrew castle nut and spindle washer. The adjustable bearing cone can then be taken out 
and the wheel removed. Care should be taken to see that the cones and lock nuts are replace 
on the same spindle from which they were removed, otherwise there is a liability of stripping 
the threads which are left hand on the left spindle and right hand on the opposite to view on 


facing the car. 


Rear wheels: They should not be removed unless absolutely necessary—in which case 
proceed as above, then with a wheel puller remove the wheel from the tapered shaft to which 
it is locked with a key. In replacing rear wheels be sure that nut on axle shaft is as tight as 
possible and cotter pin in place. The hub caps of the rear wheels should be removed occa- 
sionally and the lock nuts which hold the hub in place tightened up__If these nuts be allowed 
to work loose, the resulting play on the hub key may eventually twist off the axle shaft. 
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TIRES 


Tires are used on automobiles, motor cycles, and a large 
number of horse drawn vehicles, to secure a desirable spring 
effect or cushion so as to reduce vibration to a mini- 
mum, and to obtain a large traction area to prevent the 
wheels sinking in soft roadway. 

The most efficient shock absorbing medium is compressed 
air. This method of reducing vibration, however, as exem- 
plified by the pneumatic tire, has the disadvantage that 
rubber, which is the only elastic air confining substance 
available, is liable to puncture. 

There are in general use three varieties of tire: solid, 
cushion, and pneumatic. 

As is generally known, the pneumatic tire was first 
devised in order to furnish the needed resiliency in bicycles, 
and for the same purpose it has been found useful in auto- 
mobiles. It is also superior in point of tractive qualities, 
“taking hold’’ of the road bed far more effectively than the 
best solid tire. It has, however, one notable disadvantage, 
the constant liability to puncture, with the consequent 
danger of being rendered useless. In order to remedy this 
defect, inventors and manufacturers have introduced such 
features as thickening the tread of the tire, increasing its 
resistance to puncture by inserting layers of tough fabric 
in the rubber walls, and reinforcing the tread surface in 


various ways. 
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Pneumatic tires are almost universally used on auto 
mobiles, the solid type being confined to electrics and trucks 
intended for city service. 


Answers Relating to Tires 


Ques. What is rubber? 
Ans. Rubber is a white, usually thick, milky juice, 
contained in the spongy bark of various tropical trees. 


The popular idea is that rubber comes from the sap of a tree; 
it is, as explained in the answer, a totally different substance. 


Ques. How is raw rubber treated after removal from the tree? 


Ans. ‘The juice is mixed with sulphur and various other 
powders, made into a dough, and baked. 


Thére is no melting or casting as generally believed, but simply 
a baking process, with a sticky gum, which, during the baking, 
changes into. an unsticky and more elastic gum, and acquires 
other desirable properties. 

When the crude rubber reaches the manufacturer it is full of 
impurities which must be washed out. The rubber then, is run 
through a washer, and when clean, is hung up in a slightly heated 
room until dry. It is now run around one smooth roll of the mixing 
mill, and becomes soft, slightly sticky, and readily takes up any 
ingredient in powder form that is to be mixed with it. When the 
mixture is complete, the mass is in the form of a log, dark colored, 
and very dense 

In order to use it, the mass must be ironed out into sheets. 
This is done by large heavy steam heated rolls, which, in the case 
of tire making, smooth the rubber out upon cloth, in a thin and 
even eeeunes and drive it between the meshes so that every space 
is filled. 


Ques. Upon what does the strength of a tire depend? 
Ans. Largely upon the fabric upon which the rubber is 
rolled. 


The elasticity, air proof and water proof qualities come from 
the rubber. 
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Ques. What is the tendency of cuts in solid tires? 


Ans. Cuts, due to stones or other sharp obstacles, tend 
to spread to the center of the tire, across the tread. 


Ques. Why is this, and how prevented ? 


Ans. This is due to the quality of the strains trans- 
mitted from the wheels, and in order to prevent the de- 
struction of the tire, it is necessary to vary the shape. 
Accordingly, tires are made with bevelled edges, rather than 
on square lines. This conformation, together with a good 
width at the rim, is able to provide for absorbing much of 
the surplus vibration, while decreasing the ill effects due to 
the combined action of a heavy load and road resistance. 


Ques. What are the advantages of the “pneumatic”’ tire? 


Ans.. The most valuable quality of the pneumatic tire 
is its resiliency, or ability to bounce in the act of regaining 
its usual form after encountering an obstacle in the road. 
On encountering a stone, for example, it will yield to a 
certain extent, absorbing or ‘‘swallowing it up,” at the same 
time exerting a pressure sufficient to restore its normal 
shape. 


The latter quality has two advantages for easy riding; 1, it 
does away with much of the lifting up of the wheel in passing over 
obstacles, which is otherwise inevitable, and 2, it enables the tire 
to obtain a better grip on the roadbed. 


Ques. Name two varieties of pneumatic tire. 


Ans. ‘The “single tube,” and the ‘double tube.” 


Ques. Describe them. 

Ans. ‘The double tube tire was first introduced, and in 
all its various forms consists of an inner, or air tube, made 
of thin elastic rubber, enclosed in an outer or case tube, 
or shoe, built up of strong fabric and a tougher and denser 
kind of rubber. ‘The shoe is split on its inner face, which 
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bears against the rim of the wheel, in order to allow the 
air tube to be readily removed at any time for repair or 
replacement. ‘The single tube tire was devised as an 
improvement, whereby the layers of thread and tough rub- 
ber are formed upon and around the delicate aii tube making 
the two tubes really one. The double tube tire is commonly 
used on automobiles, as it is better adapted to heavy duty. 

Ques. How are single tube tires attached to the wheel? 

Ans. They are attached by bolts passing through the 
rim and secured by wing nuts on the inside surface, or by 
cementing the tire to the rim. Each bolt is of one piece with 
a head or plate embedded in the fabric. While such attach- 
ment is sufficiently strong under ordinary conditions, par- 
ticularly when the tire is thoroughly inflated, it is desirable 
to apply a coating of shellac in the rim channel, in order to 
prevent the accumulation of dust and sand, which are always 
seriously destructive to the tire. 

Ques. What are the advantages of double tube tires? 

Ans. ‘They are practically free from creeping, on account 
of the security of the attachment to the wheel rim. 7T hey 
will not “roll off,” although the attempt to turn sharp 


corners at high speed strains the fabric, and at times may 
result in rupture. 


Ques. Describe a double tube tire, 


Ans. It consists of an inner tube which contains the 
compressed air, and an outer casing or shoe; the shoe is 
open along its inner circumference, has projections or flanges 
which fit snugly into channels formed by inturning the 
edges of the rim to hold the tire in place. ‘These channels 
are the “clinches,” hence, the name “clincher tire.’ Some. 
times the inner tube is protected by a “flap.” 


In removing the shoe, it is necessary to insert a flat tool 
between it and the rim and pry them apart. This operation is 
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tedious, and also involves severe strain on the fabric. A careless 
hand may also cut or bruise the inner tube, particularly when it 
is not protected by a flap. 


Ques. How is the clincher tire modified “o permit its ready 

- removal? 
Ans. ‘The rim is made in two sections, so that one side 
may be detached, permitting the tire to be easily taken off. 


Figs. 208 to 211.—Showing successive stages in the removal of the casing 
or shoe of a clincher pneumatic tire by the insertion of a tire tool. 


Ques. How is a clincher tire removed ? 

Ans. ‘The wheel is first lifted from the ground and the 
tire deflated through the air valve. One side of the shoe is 
removed from the clincher groove with a pair of blunt iron 
“prodders,” care being used not to pinch or tear the inner 
tube; this is now removed by hand, beginning at the part 
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farthest from the air valve. A double prong iron is used to 
raise the shoe somewhat, in detaching the air valve from the 
rim. 


Ques. How should a tire be replaced on the rim? 


Ans. Before putting on the tire, powdered talcum is 
rubbed on the inner tube, and a liberal supply distributed 
inside the shoe. The inner tube is placed in the shoe and 
slightly inflated. After passing the hand carefully around 
the tube to see that there are no twists, the shoe is forced in 


22g 


place by the use of the “‘tire irons,’’ lifting each clamp as the 


Figs. 212 and 213.—Showing method of removing a shoe with two levers. 


part of the shoe next to it is sprung into position. The 
clamps are pushed in to see whether the inner tube lifts 
freely. If not, it may be pinched under the clamps and 
should be released. ‘The clamps should now be tightened 
and the tire inflated. 


Ques. How should extra tires be carried? 


Ans. They should be kept in cases, such as are provided 
for the purpose by tire dealers. This rule applies with par- 
ticular force to the very elastic inner tubes, whicn should be 
stored in bags in some convenient place away from the light . | 
and heat of the sun. 
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Tires in use are not as liable to injury from sunlight as the 
extra stored tires, for the reason that the dust and mud of travel, 
while not directly contributing to the advantage of the rubber, 
seem to neutralize the ill effects of the sun’s rays. This is the best 
explanation of the fact that used tires are less liable to injury than 
new ones. 


Answers Relating to Tire Troubles, Care 
and Repairs 


Ques. Name some forms of wear and tear of pneumatic tires. 


Ans. 1, creeping, 2, puncture, 3, rim cutting, 4, crack- 
ing of the walls, 5, excessive wear on the walls or tread, and 
6, chemical action, 


Ques. What may be said of creeping? 


Ans. Creeping is found almost exclusively in single 
tube tires. Itis due to the fact that the weight of the vehicle 
in process of travel, tends to centralize the pressure on the 
rubber walls, and to cause the tire to bulge just forward of 
the point of contact with the ground. As may be readily 
recognized, a continued succession of such bulgings tends 
both to loosen the adhesion between the tire and the rim, 
and to cause the tire to push forward from the ground, and 
thus around the rim. As a result, when inflation is insuf- 
ficient, great strain and pull will be exerted where the valve is 
joined to the tire, and a rupture often follows at that point. 

Even were it possible to obviate the last named trouble, it is 
evident that the service of a tire, thus loosened by the creeping 
process, is impaired. Moreover, it would inevitably roll sideways 
from the rim before it had been long in use. Also, if loose, it will 
chafe at the rim and wear quickly. ‘The only assurance against 
creeping in a single tube tire is found in reliable bolt and lug 


fastenings. Double tube tires are free from creeping on account of 
having complete rim attachments in clinches, side flanges, etc. 
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Fic. 215. 


+ 220. 


Fie, 221, Fic, 222. 


Vigs. 214 to 222.—Diagrams of various mishaps to pneumatic tires. Fig 
214 shows the air tube resting over a perfectly fitting chaplet head; figs. 215 
and 216, the effects of poorly fitting chaplets, showing liability to pinching of 
the air tube; fig. 217, air pinched under the edge of case tube;. fig. 218, air 
tube pinched to pull-down chaplet, in both these cases the air tube is not 
sufficiently *nflated while attaching the case tube; figs. 219 and 220, the right 
and wrong way to raise the edge of the case tube over the clinch; figs. 221 and 
222, two ways in which the air tube may be nipped by allowing the tire tool 
to penetrate too far. 


PLATE—TIRE TROUBLES, 


Faulty Alignment 


The tread on this tite is worn to the fabric. This is a very common 
condition, and is caused by the wheels being run out of line and usually 
occurs on the front wheels, affecting both tires alike, although sometimes 
one tire only is affected. Improper adjustment of the steering apparatus, 
or a bent knuckle or axle is responsible. Under either of these conditions 
the tread will wear away in a remarkably short time. 


In one instance especially, where after an axle had been slightly bent,’ 
resulting from an accident, the two front tires were worn entirely through, 
and the inner tubes blew out in the short space of fifty miles. The wearing 
off of the treads, of course, will be in proportion to the seriousness of this 
condition. It sometimes is so slight as to make the wearing off of the treads 
almost imperceptible. 


It is to be assumed that all cars are received from the manufacturer 
in perfect alignment, but after being run awhile, the steering gear, if not 
watched very closely, is apt to become affected. To aid in steering, the 
front wheels are permitted to “‘toe in’’ just a little, but if allowed to do 
so to any marked degree, this condition is bound to result. 


Injured by Chains 


Note how badly the 
tread is cut and torn as 
the result of the use of 
chains. Almost any chain 
will injure a tire, but 
some are more injurious than others. 
Evidently, the chain used on this tire was 
fastened to the spokes; at least, it appears 
that it was held tightly in one place, as the 
cutting appears at regular intervals. 

The tread is cut through to the fabric, 
and in fact, loosened up and torn badly in 
places. This does not indicate a weakness 
in the tire, as any tire will act in the same 
manner under similar treatment. 


The least injury results from chains 
that are loosely applied, and have play 
enough to work themselves around the tire, 
distributing the strain to all points alike. 

The greatest amount of injury prob- 
ably comes from using the chains on paved 
streets, where they are least needed. 
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Under inflation 


Here is shown the result of running a tire too soft, 
that is, under inflated. Note the flat, out of shape 
appearance, which tells plainly the story of its misuse. 
The wavy condition of the tread is due to its loosen- 
ing from this cause. 


Another condition commonly resulting, not shown 
in this illustration, is rim cutting. There are unquestion- 
ably more tires ruined from this practice than from any 
other cause. There is little danger of over inflation un- 
less an air bottle be used. 


A strict adherence to the manufacturer's inflation 
table will avoid trouble of this nature. 


Do not depend on the appearance of a tire as an indica- 
tion of the degree of inflation but always use a gauge, and 
keep tives pumped to proper pressure. 


Neglected Cuts 


This illustrates a tire blistered from the neglect of 
two small cuts extending to the fabric. (Note the two 
prominent “knuckles” or “‘bumps”’ which plainly show.) 


If cuts extending to the fabric are neglected, fabric 
deterioration and blistering of the tread are bound to 
result. 


It is unnecessary to remove a tire to treat a small 
cut of this nature. Plastic compound is made for 
meeting this condition. The small cut is thoroughly 
cleaned and the plastic pressed in. A very simple re- 
pair, as plastic is easy to use, not mussy and can be 
depended upon to effectively seal any ordinary tire cut. 
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Ques. What is a puncture, and how caused? 


Ans. The accident known as a puncture, is a piercin, 
of the air tube which allows the air to escape and so flatten 
the tire. It is generally caused by a sharp stone or a nail 
piercing the tread. 

Among other possible causes of puncture are : 
1. Nipping of the air tube by the ‘removal lever”; by the 


lug of the screw bolt; by the edge of the shoe. 
2. Sand or other hard substances in the case tube or shoe. 


Lyi, 
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Figs. 223 and 224.—Showing method of removing the inner tube with a 
single (stepped) lever. 
Ques. If the inner tube be punctured, what should be done? 


Ans. ‘The inside of the shoe should first be carefully 
examined to locate the cause of the puncture. 


Ques. How may a puncture be repaired? 

Ans. Having found the puncture, either by immersing 
the tube in water or by dusting with powdered “talcum,” 
with a little air pressure in the tube, a rubber patch is put 
over the puncture. 
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Ques. How is the patch applied? 

Ans. The inner tube is first rubbed with sand paper all 
around the puncture to obtain a clean surface. For a tem- 
porary patch, liquid rubber cement is applied to the tube 
and on one side of the patch. After the cement dries suffi- 
ciently to become sticky, the patch is placed in position 
on the tube with a rolling motion, so as to exclude all air, 
from beneathit. The tube is now laid on a smooth surface 
and a weighted board placed on top, and left until the 
cement sets. 


Figs. 225 and 226.—Showing method of removing the inner tube with a 
double lever. 


Ques. Is this kind of patch durable? 


Ans. With careful driving at moderate speeds it will 
last for some time without vulcanizing. 


Answers Relating to Vuleanizing 


Ques. How is a small cut in the shoe repaired? 
Ans. By vulcanizing. The torn surfaces should be 


scraped clean, and the aperture filled with prepared plastic 
tubber, and then vulcanized. 


-PLATE—TIRE TROUBLES. 
Fabric Broken from a Bruise 


On the inside of this tire is a large break in 
the fabric. This resulted from an accident, 
the wheel passing over a stone about the size 
of two fists. This caused the injury shown 
without leaving the slightest mark or inden- 
tation on the outside of the case. (Note X in 
section showing outside.) 


In a tire subjected to this abnormal strain, 
the fabric is bound to give away, but it does 
not necessarily follow that the outer cover 
will be marred, especially if the object is 
smooth and blunt. 


To better explain the point, if a tire under 
pressure should receive a hard blow from a 
sledge hammer, the fabric would break in this 
manner without leaving the slightest mark or 
indentation on the outside of the case. 


For your own curiosity, take a piece of 
heavy rubber, and with a hammer, see how 
difficult it is to make an indentation. 


Sometimes a tire may be run weeks after the 
fabric is broken from the bruise before the 
blowout occurs. It has even happened in a 
garage, with the car standing still. Some- 
times the break will only exist in a few of the 
plies of fabric, which will pinch the inner 
tube, allowing the tire to deflate gradually. 


Blow Out 


Here is shown a tire that has blown out, 
due to neglected repairs. It originally had a 
small cut entirely through. An inside patch 
was applied by the owner, he feeling that this 
was all that was required to place the tire in 
good running order, but instead, the inside 
patch merely aggravated matters and, acting 
as a wedge, caused the tire more harm than 
good. The result, as shown in the picture, 
was that the tire blew out from bead to bead, 
that is, the inner patch wedged the fabric 
apart, causing it to break or pull apart from 
bead to bead. 


By looking closely it will be observed how 
the patch has pulled away from the position 
it originally held, and has been forced through 
the break, protruding on the outside. (Shown 
on other cut.) 


This is a condition due to a neglected re- 
pair, as it does not follow from any weakness 
in the tire, but has resulted from the tire not 
receiving the proper attention when it was 
first cut. 


An outside emergency band and inside 
protection patch will be found valuable aux- 
iliaries until permanent repairs can be made. 
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Ques. How is a patch vulcanized? 

Ans. After the patch is put on, it is heated to a tem- 
perature of about 250° Fahr., by a vulcanizer—a special form 
of heater made for the purpose. The duration of the heating 
depends on the amount of rubber that has to be heated, 
the usual interval being about fifteen minutes. 
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Fig. 227.\National steam vulcanizer. It consists of a hollow brass vessel 
partly filled with water and heated by an alcohol lamp. The water is converted 
into steam, the temperature of which depends on the pressure. 


There are numerous forms of vulcanizer. They are heated 
by steam, electricity, gasoline, or gas. Steam vulcanizers are 
provided with a steam gauge from which the temperature is-deter- 


mined. 
Ques. What is the proper temperature for vulcanizing? 
Ans. 250° for light work; about 275° on heavy shoes. 


Rubber is easily injured by over heating, hence, the operator 
should be careful to prevent the vulcanizer becoming too hot. 
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Answers Relating to Rim Cutting 


Ques. What precaution should be taken with respect to the rim 
before putting on a tire? 


Ans. It should be thoroughly cleaned. A fine file or 
emery cloth should be used to smooth the rim of rough places, 
and to remove rust. ‘The inside of the rim should be given a 
light coat of thin shellac. 


Ques. What is the effect of a dent in the rim? 


Ans. If the rim be dented inward, an excess pressure 
is brought upon the shoe at that point, which will cause 


Tig. 228—.Thermometer for use with vulcanizers; it has a stem gradu- 
ated from 250 to 300° Fahr., covering the temperature used in vulcanizing. 


chafing. If the dent or bend be outward, there is chance 
for water, oil, and sand to work in between the tire and the 
rim. 

Ques. What are the causes of rim cutting? 

Ans. 1. Sand or sharp particles lodged between the 
tire and the edges of the rim, which, particularly when the 
tire is partially deflated, cut through the outer layer of 
rubber to the fabric beneath. 

2.. Overloading. 


This causes the tire to flatten, in spite of persistent extra 
inflation, and the result is nearly always shearing off at the edges 
near the points where the flanges engage the clinches. 


3. Defective or bent rims. 


Rims may be unsuitable for given makes of tire, because 


made for some other style. It is essential that the tire fit the rim — 
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perfectly, since, if the attachment be not tight, movement and 
chafing result, or stones and sand find lodgment; if it be too tight, 
the pressure against the edges of the rim is excessive. 

Loose or ill fitting studs always allow some movement of the 
tire, which usually results in cutting, at least in spots around 
the rim. 

These mishaps occur less frequently than those due to bent 
or rusty rims, which work the same havoc as those that fit poorly. 
It is necessary to keep the rim in repair, and to clean out all 
evidences of rust. 


4. Insufficient inflation. 


This is often a cause of cutting, even when the rims are in 
good condition. It is necessary to keep the tires pumped hard 
at all times. If cutting then result, it is evident that the tires are 
too small for the load they are obliged to carry. 


5. Sharp curves or excessive “‘side step.” 


Both tend to produce a side pressure that is concentrated at 
the rim, and, in proportion to the weight of the car, or the speed 
at which it is driven, are liable to result in cutting of the shoe. 
Side slipping or skidding is largely netitralized in cars with long 
wheel base, but, even with this desirable structural feature, occa- 
sions may arise ia which rim cutting results from sudden turns. 


Answers Relating to Inflation 


Ques. What causes a tire to crack? 

Ans. If a tire be well made, any evidence of cracking 
of the shoe may safely be attributed to driving with insut- 
ficientinflation. As the result of a puncture or other mishap, 
ill the air may be exhausted, causing the tire to be com- 
pletely flattened under the weight cf the vehicle. This is 
liable to cause cracking. Long continued pressure of this 
kind tears and destroys the fabric of the tire. 

Ques. In the care of tires, what is the most important thing to 
be done? 

Ans. ‘To keep the tire inflated to the proper pressure. 


To neglect this, will cause the rapid deterioration of the tire. 
Running a tire flat, even a short distance, will prove expensive, 
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Table showing Proper Loading and Inflation of Tires 


Size of Ti Load per Wheel Air Pres. Lbs. 
eo ve Pounds per sq. in. 

28 to 30x24 225 50 
26 to 36x3.  & 31x34 350 60 

29x34 425 

30X36 & 31x4 450 

31x36 500 a2 

32%3 08 & 33x4 SS 

34%34% & 35x4 600 

36X38 600 

30X4 550 

31X4 600 

32x4  & 33x41 650 

33X4 675 80 

34%4 & 35x49 | . 700 

35X4 725 

3OX4. 750 

32x44 700 

33x46 750 

34x44 & 35x5 800 go 

35x44 850 

36x46 & 37x5 goo 

3525 goo 

36X5 1,000 £00 

3785 1,100 


The above table shows the maximum pressures to which the 
various sizes of tires should be inflated, and the maximum weights 
they should support, but the secret of big tire mileage is to pump 
just enough air—and no more—than will give them their natural 
shape under the load. 


Instructions for the Proper Care of Tires 


The brake should not be applied suddenly unless absolutely 
necessary. 


When one side of a tire shows more wear than another, it 
should be turned around, so as to reverse the sides. 


PLATE — 
TROUBLES. 


TIER SD 


Running in Car Tracks. 


No tire will stand the wear 
from continued running in car 
tracks. Here is shown a tire 
that has not been run 2,000 
miles. Note how the rubber is 
worn off to the fabric on the 
sides throughout the entire cir- 
cumference. The fabric is also 
blistered in a line directly under 
the point of contact with the 
car tracks. It is injured so 
badly that successful repairs 
cannot be made, thus rendering 
the case worthless. 
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_ Rut Worn. 


This is a cut of a tire worn 
off on the sides, commonly called 


“rut-worn.’’ It does not nec- 
essarily imply that this condi- 
tion is due only to ruts, but it 
is frequently caused by running 
in deep wheel tracks. The same 
condition will result if a tire be 
run on muddy roads that have 
a frozen crust insufficient in 
thickness to support the car, so 
that the tire in breaking through 
is bound to be gouged off in the 
manner shown. ‘This condition 
also results from running close 
to and rubbing against curb- 
stones. 


It is evident that this puts 
the side of the tire to a greater 
test than its surface ever gets 
in merely passing over the road. 
No tire will withstand this 
rough treatment. 


PLATE—TIRE 
TROUBLES. 


Rim Cutting. 


The chafed fabric above 
the bead of this clincher tire 
was caused either by a bent 
or rusty rim flange. 


One should always see 
that rust is removed from 
rim hooks, when clincher 
tires are used. 


Bent rims should be 
straightened out as soon as 
possible. 


Under inflation ts respons- 
thle for many rim cuts, 


To hold a clincher tire on 
the rim it is necessary to 
have the hooks of the side 
rings curve in to grasp the 
bead. 


When a clincher tire is 
run even slightly soft, the 
normal action of the rim 
hook against the rubber 
clinch is increased. This 
incessant chafing soon wears 
out the rubber just above 
the bead. 


Sometimes the rim flange 
becomes bent from a sharp 
blow. 


This bent ‘part forms a 
sharp projection which soon 
digs into the tire. 


Sometimes this metal rim 
becomes rusty and rough. 
Rust eats into the rubber, 
then moisture penetrates the 
fabric and it decays. 


Statistics show that 31.8 
per cent. of all ruined 
clincher tires are rim cut. 
That ruin is -too large, 
Sufficient inflation will 
sa.e mos! of this waste. 
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oe ore is oy destructive to tires. 
rease and oils should be regularly kept away fy ires* 
they attack the rubber. es ame Yo eee 
: Rims should be kept in good order, straight and true. Rust 
is destruetive. Paint preserves. 

The weight of the car should not rest on deflated tires, not 
even over night. 

It is better to run on the rim, very slowly and carefully, if 
necessary and the distance be short, than on a flat tire. 

Rear tires wear the more rapidly. Front and rear tires can 
therefore, be transposed sometimes to advantage. 

The throttle should be used more, and the brakes less, in 
controlling the car. This saves both the tires and the machine. 
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The Flange Removed 


The Flange in Place 


Figs. 229 and 230.—Swinehart Mange rim with solid tire, showing flange 
removed, and flange in place. 


There is not much danger of bursting a tire by too much 
inflation, unless it be considerably weakened by age or injury. 
A tire can be over inflated, but seldom is this the case. 


Ques. What is the effect of dampness on stored tires? 

Ans. Dampness acts on the fabric far more quickly than 
water; the latter has the peculiar faculty of penetrating 
even the minutest chinks or punctures, and is rapidly 
absorbed by the fibres composing the tire fabric. Only one 
result can follow: the fabric will be broken down and the 
shoe correspondingly weakened. 


When in constant use, the fabric of a tire is in little danger of 
deterioration from water, although dampness in the stable should 
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always be avoided. A tire in use, however, is exposed to an even 
graver danger: a cut in the tread of the case tube may admit 
sand or mud, which, working under the outer layer of rubber, will 
form a pocket where water may collect and begin work on the fabric. 
Any sign of a cut or blister, that is, lumps covering sand or mud, 
should warn the driver that the tire needs repair. 


Ques. What is the effect when the front wheels are not parallel? 
Ans. ‘There is liable fo be considerable wear on the 
treads. 


_ This results because both wheels must slide in a sidewise 
direction, involving an unnecessary waste of good rubber. 


Ques. What causes non-parallelism of the front wheels? 

Ans. It is generally due to a short or bent drag link 
between the steering arms. ‘ 

Ques. Name some causes of excessive wear of tires that can be 
avoided. 

Ans. 1. High speed, especially on curves, and 2, sud- 
den braking. 


The latter, though unavoidable in emergency, is the general 
practice of some drivers, and is the cause of unnecessary tire ex- 
pense.. Sometimes the brakes are applied with such force as to 
cause the wheels to slide, before the momentum of the car is over- 
come; this is inexcusable, as the car may be brought to a standstill 
quicker if the wheels do not slide. For sake of preserving the 
tires, if for no other reason, the brake of an automobile should be 
applied as gradually as possible. 


Ques. What precaution should be taken in regard to curb stones? 

Ans. Care should be taken not to drive against them, as 
this causes wear upon the sides of the tire. 

3 Ques. What may be said regarding the wear of the tread of 
the tire? 

Ans. A tire necessarily undergoes considerable wear in 
course of use. With the best possible roads and the highest 
grade of rubber, a more or less rapid deterivration is inevit- 
able. For this, of course, there is no remedy. It is desirable, 
however, to avoid excessive wear whenever possible. No 
tire should be used after the rubber at the tread, or side 
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walls, has been worn down to the fabric. ‘The result will be 
that the structure is weakened, offering a smaller resistance 
to puncture and tearing, also exposing the fibre to the des- 
tructive action of water and other corrodents, not to mention 
the more rapid wear due to abradants, as sand, ete. 


Ques. How does chemical action affect a tire? 

Ans. The rubber suffers chemical deterioration from the 
action of oil, gasoline or acids. These substances are 
always destructive in their action. If, therefore, gasoline 
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Fig. 240.—Kelly-Springfield block tire. A steel band on the felloe is cut 
out with rectangular staggered holes, into which fit solid blocks of ruLher. 


or oil be accidentally spilled upon a tire, it skould be wiped 
clean as quickly as possible, and care exercised not to allow 
the wheels to stand in casual puddles of oil. Under the 
action of these substances, rubber hardens, losing its elas- 
ticity and tenacity, and developing a tendency to wear and 
chip. 
Strong and steady light, as well as high or changing tempera- 
ture, is harmful to rubber. 
Particularly, it must be said, rubber should never be left near a 
window, so that the sun shines through the glass upon it. Sun- 
light, under such conditions, tends to harden the rubber, causing 


it to crack. Heat acts in a similar fashion, although, unless 
excessive, far more slowly. 
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BRAKES 


An important subject in connection with the construc- 
tion and operation of automobiles, relates to the brakes used 
for retarding the movement of the car when it is desirable 
to come to a more or less sudden stop, or to hold the car 
stationary on an incline. A good brake must fulfill several 
conditions, such as, ease and rapidity of operation and the 
maximum of braking effect, with the minimum of power 
exerted at the operating lever. 


Answers Relating to Brakes 


Ques. What two kinds of brake are used in driving an automo- 
bile? 

Ans. ‘The ‘service’? or “running’’ brake, and the 
“emergency’’ brake. 


Ques. How are these brakes operated? 

Ans. The running brake is controlled -by a foot pedal, 
and the emergency brake by a lever at the driver’s side. 

Ques. What other mechanism beside the running brake is con- 
nected with the brake pedal? 

Ans. The clutch; the connection is such that when the 
pedal is pressed to apply the brake, the clutch is released. 
This arrangement prevents an inexperienced or confused — 
driver applying the brake without releasing the clutch—a 
proceeding which would strain or bring heavy stresses on 
the engine and driving gear. 
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Sometimes the emergency brake is arranged to simultaneously 
release the clutch when applied, but this construction has been 
criticized by some authorities as undesirable when handling a car 
on a hill. ; 

It is pointed out, that if necessary to stop the car in ascending 
a hill, the brakes must be released before the clutch can be thrown 
in, with the possibility of the car starting down hill backward 
before the power can be applied. 

The chance of stalling the engine through this and the danger 
of the combination to any but an experienced driver, it is con- 
tended, make it advisable to have the emergency brake separate 
from any connection with the clutch. 


Figs. 241 to 243.—Three forms of brake: 1, single acting contracting 
brake; 2, double acting contracting brake; 3, expanding brake. 


Ques. Describe the construction of the brakes. 

Ans. The form generally used consists of a drum, 
attached to the wheel or some other part of the power 
transmission system, and a band which surrounds it, or 
blocks that. press against its inner surface, the former be- 
ing known as a “contracting brake,’’ and the latter an 
“expanding brake.” 


Ques. Namie two forms of band brake. 


Ans. The “single,” and the “double acting.” 


Ques. How do they differ? 


Ans. One end of the band of the single acting brake is 
attached to the frame of the car or some other stationary 
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part, as shown in fig. 241, and pressure applied by drawiug 


the free end. In the double acting type, both ends of the 
band are pulled, as shown in fig. 242. 


Ques. How does the action differ in these two types? 


Ans. In the single acting type the friction of the band 
restrains the movement if the drum be revolving in the 
opposite direction to the' pull, but the device is less effective 
when the drum is revolving in the same direction. Since, 


Figs. 244 and 245.—Two forms of expariding band brake. In fig. 244 the 
gear G has an internal bearing surface, within which is the band C, pivoted 
at A, a point separate from G. “The arm, B, of the bell crank, BD, being moved 
to the left, spreads apart from the two links, E and F, connected to D atH 
thus pressing both ends of the band, C, against the internal bearing surface ol 
G, and producing the necessary breaking friction. In fig. 245, the gear A, sim- 
ilarly arranged with an internal bearing surface, contains the expanding band, B. 
When the link C is pulled the lever arm, D, double pivoted at E and F, causes 
the two ends of the band, B, to press against the internal bearing surface of A 
thus creating friction. The spring shown normally holds the two ends of the 
band apart. 


in the double acting type, both ends of the band are pulled, 
the action of the brake is equally effective in either direction. 


Ques. How is an expanding brake constructed? 


Ans. This type of brake, as shown in fig. 243, usually 
consists of two circular bronze shoes, which fit the interior 
circumference of the drum. ‘The shoes are pivoted at one 
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end, and so arranged that in operation they expand and 
press against the drum. They are commonly held out of 
contact by a spring. 


Ques. What device is necessary in the operation of brakes applied 
to the rear wheels? 


Ans. ‘There must be an ‘“‘equalizer’”’ so that each brake 


may be applied with equal pressure, otherwise the car will 
have a tendency .to slide sideways. 


Figs. 246 and 247 The Locomobile brakes. The running brake consists 
of a contracting band brake, the pulley of which is located on the differential 
shaft at the right of the bronze gear case, and to which the band is firmly 
secured. ‘This brake is of the double acting type, 12 inches in diameter and 
4 inches wide. The brake pedal is operated by the right foot and when the 
brake is engaged the clutch is not automatically disconnected. The halves 
of the brake band are automatically hinged at the rear and are adjusted in 
front by two turn buckles; it has also a set screw underneath, allowing the 
band to be adjusted so that it is free around the circumference of the ‘pulley, 
preventing any binding when not in use. ‘The emergency brakes are located 
on the rear wheels, being of the internal expansion variety, one to each wheel. 
These are hinged at the top and when the hand brake lever, placed at the right 
of the car, is pulled backward, suitable mechanism causes the brake shoes to 
be expanded against the circumference of the brake drum; when the lever is 
released, springs draw the bands away from the circumference cf the drum. 


Ques. Describe an equalizer. 


Ans. It consists of a cross bar connected at its center 
with the brake pedal or lever, and at the ends with the 
brakes. In operation the pull of the pedal or lever being 
applied to the center of the equalizer, is distributed equally 
between the two brakes. . : h: 
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PLATE—TWO VIEWS OF PACKARD TRUCK BRAKES. 


The brakes are constructed on a principle employed in locomotives, and being located 
oucside the sprocket on jack shaft they are very accessible making adjustment easy. 
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i‘ There are two forms of equalizer, the bar, and the cord equal- 
izer. In fig. 248 an equalizer of the first mentioned type is shown 
connected at its central point to the brake lever or pedal by the 
rod R. The ends are connected to the brakes by the brake rods. 
When R is drawn forward, the pull on the brake rods is made equal 
by the action of the equalizer. In the cord equalizer, the cross 
bar of fig. 248 is replaced by a pulley around which passes a cord 
through which the pull is transmitted to the brakes and equalized. 


BRAKE ROD 


Fig. 248.—Equalizer of the bar type. It consists of a transverse bar with 
connections at its center and ends, respectively, to the brake pedal or lever 
and the brakes. <A. pull on the rod R is equally distributed between the two 
brake rods. 


Ques. Does an equalizer always cause the brakes to act with 
equal force? 


Ans. No; the purpose of the equalizer is realized only 
when both friction surfaces are in the same condition. Ex- 
ample: If one be dry and the other oily, the dry one will 
offer far greater resistance to turning. 


Ques. What causes the brake to overheat? 

Ans. Injudicious use often causes the leather to over 
heat and burn; this sometimes occurs when the brake 
is applied for a considerable period, as in descending a long 
hill. 
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Ques. How may this be avoided? 

Ans. The emergency brake may be used on such occa- 
sions, as the friction surfaces are of metal, which will stand 
considerably more heat than leather. 


Ques. What is the best mode of braking in descending jong 
grades? 


Ans. The engine should be used, as it will offer con- 
siderable resistance to the forward movement of the car 
when the ignition is cut out and the throttle closed: the 
work required to drive the engine, as an air compressor, is 
sufficient to check the speed of the car.* 


Ques. How may the braking power of the engine be increased? 


Ans. By running on the low speed gear. 


Ques. What are the advantages of braking with the engine? 


Ans. It saves wear on the brakes; can be resorted to in 
case of failure of the brakes; the cylinders are thoroughly 
scavenged and cooled, the latter being desirable in case of 
a very steep ascent immediately following. 


Ques. If the brakes fail on a descent, what should be done? 


Ans. The speed may be checked with the engine by 
releasing the clutch, switching off the ignition, engaging 
the intermediate speed gears, and applying the clutch 
very slowly. 

If the clutch be thrown in suddenly the gears may be injured, 

With low speed, the checking would be so sudden, no matter how 


gradually the clutch be applied, that the passengers would possi- 
bly be thrown from their seats. 


*Note—lIf the inlet manifold be fitted with an air valve for hand control, as 
described in the chapter on carburetters, it will be of great advantage when braking 
with the engine, because with closed throttle, fresh air may be admitted to the © 
cylinders for scavenging and cooling, 


ee SN Se: SEES 


BALL AND ROLLER BEARINGS 34] 


BALL. AND ROLLER BEARINGS 


The principle of the ball bearing is a “nature made”’ 
idea, as embodied in the action of a good lubricant. The 
latter consists of a vast number of minutely dimensioned 
balls composed of fat, and tied together by a mother liquor 
which is capable of maintaining the distance relation of 
the globules, notwithstanding the variations in shapes and 
the distorting effects of pressure. 

It- was but a step from the nature made ball bearing, as 
represented by suitable grades of lubricating oil, to a regu- 


E larly organized system of hardened steel balls rolling between 


suitable raceways. 

The object of using ball bearings is to reduce friction, 
for with the plain bearing there is considerable resistance to 
rotation due to adhesion between the sliding surfaces. 
The heaviest objects may be readily moved or slid along the 
ground when rollers are placed beneath them; also the 
heaviest loads when carried on wheels of suitable breadth 
and diameter may be handled with a degree of ease. This 
principle is applied in the practice cf substituting ball and 
roller bearings for ordinary plain bearings. 


TABLE OF SAFE LOADS DWF RADIAL BEARINGS 
(Medium Series) 
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Dimes EICHES ase irate cs 1.378 1.850 '| 2.441 8.150 3.937 
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Answers Relating to Ball and Roller Bearings 


Ques. What is the principal difference between a ball, and a 
roller bearing? 

Ans. A ball bearing is a “point” bearing, in which 
the balls bear upon points of contact at two or more places 
on its surface; a roller bearing is a “line” bearing, in contact 
with its bearing surface in a straight line. 


Figs. 249 and 250.—Side and end views of a radial bearing, showing balls 
retainer, and raceway. 


Ques. Tor what service is each adapted? 


Ans. Ball bearings are generally used for high speeds 
and light loads, while roller bearings are used where the 
opposite conditions obtain. No definite rule can be adhered 
to, as it depends upon the conditions under which the bear. | 
ings are to be used, just what type will give the most satis- 
factory service. 
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y In automobile construction, the tendency is to use ball bear- 
ings on pleasure vehicles, and roller bearings on power wagons. 


Ques. What forms of raceway are generally used with ball bearings? 

Ans. Grooves are frequently used whose cross section 
is an arc of a circle having a diameter slightly larger than 
that of the ball. 
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Fig. 251.—Front swivel axle of the Chadwick automobile; view showing 
the ball bearing. It will be noted that the steering axle bolt is not at right 
angles with the wheel axle. It is designed this way in order that shocks shall 
not be transmitted through the wheels to the gear, but will be absorbed in the 


axles. 

Ques. Describe the “radial’’ type of ball bearing. 

Ans. In this form, as shown in figs. 249 and 250, the 
balls are inserted between two grooved rings. 
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Ques. What is the distinction between the ‘‘silent’”’ and the “‘full’’ 


type of ball bearing? 

Ans.- The full type consists of a raceway 
with balls, while the silent type is made with some spacing 
device or separator which prevents contact between ad- 


entirely filled 


jacent balls. 


y 
Eprom) 


LD ime 
i — ea 


——— 
eu 


QA, —— 
yy 2S 


Fig. 252.—Roller bearings as mounted on front hub of the Franklin car. 


They should be adjusted so that the wheels turn freely, but without side play. 
The washer, C, gees 


After adjusting, the cotter pin is inserted in the hole. 
on before the nut, D, to keep the latter from turning; it accomplishes this 


by means of a keyway in the spindle. 


_ In one construction of the silent type, springs are interposed 
which are provided with felt pads for holding the lubricant. 


Ques. What other form of ball bearing is used? 
Ans. Sometimes two rows of balls are provided in one 


bearing. 


——___ 
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Ques. Describe a “roller’’ bearing. 


Ans. This consists of a series of hardened cylindrical 
or tapered rollers, held in position by a cage or “retainer,”’ 
and in rolling contact with hardened steel casings. It is 
usual to include end thrust ball bearings at the extremities 
of the rollers, in order to still further reduce friction and wear. 


Ques. How should cup and cone ball bearings be adjusted when 
replacing a wheel? 


Ans. ‘The adjustment should be made so that the wheel 


will turn perfectly free, because a tight bearing will crush 
the balls or damage the ball race. 
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Fig. 253.—The ‘‘Hyatt” flexible roller bearing; this consists of strips of 
steel rolled into coiled springs, forming a strong, though elastic support, and 
capable of taking some end thrust. 


Ques. What kind of lubricant is suitable for ball bearings? 


Ans. Oil or grease that is not too heavy or solid. In 
general, the most fluid lubricant, not thinner, than the 
heavier machine oils, that can be satisfactorily retained is 
the best. .A grease containing solid matter should not 


be used. 


Ques. What kind of lubricant is suitable for roller bearings? 


Ans. ‘The same as for ball bearings, except the thicker 
grease. A thick grease will prevent the free rotation of the 
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rollers, and may have a tendency to throw them out of 
alignment with the journal. 


Ques. What are the indications of wear ina ball bearing? 


Ans. The races become rough by flaking off of the skin 
of the metal, and the same effect may be noticeable on 
the balls. If the races be not sufficiently hardened, they 
may groove without flaking. 
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PLATE—MAIN, AND CONNECTING ROD BEARINGS OF THE WILLIS TRUCK. 


- Main Bearings.—Whena main bearing is worn until it produces an engine knock it must 
he “tightened up.’’ This simply means that the two bearing halves are brought closer together, 
which is usually done by filing down the main bearing cap. It is clear, however, that this does 
not make the bearings exactly round, so that it will have to be “‘fitted.””_ This is done by scraping. 

A point should be made to remove an equal amount of material from either side of the 
bearing. The bearing should be opened and both shaft and bearing valves painted with a thin 
solution of Prussian blue dissolved in water. When the color has dried the bearing should be 
clamped together and rotated three or four times. It will then be seen that the blue will scrape 
off on the high points of the bearing. 

Opening the bearing again, these high spots should be delicately scraped down with a 
sharp cornered tool made for that purpose, the painting done over, the bearing clamped to- 
gether as before, and another test made. 

When a bearing is so closely fitted that the Prussian blue rubs off evenly it is termed ‘‘properly 
spotted in.” Fora hurry up job and when the chief consideration is to get the work done with- 
out much loss of time, an insufficiently ‘‘spotted in’’ bearing will be tight and work well with- 
out pounding; but it should be made a point to have the bearing properly ‘“‘fitted in,’”’ because 
otherwise its life would be shortened considerably and the necessity for another fitting arise 
very soon. In case an emergency fit has been made, care shou!d be taken not to have the 
bearing so tight as to overheat it. 

Testing Engine Bearings.—Often when a bearing seems adjusted too tight, a few sharp 
raps with a hammer on the caps and on the end of the bearing will loosen it up enough for a 
smooth working fit. To see whether it is the main bearings that are responsible for an engine 
knock, raise the crank shaft by the flywheel, when any play between the crank shaft and its 
bearings may be noted by the “‘feel.’””. Another convenient method is to place a jack under the 
flywheel; the play, if there be any, may be felt on moving the jack handle up and down. : 

Connecting Rod Bearings.—What has been said in the foregoing concerning the main 
engine bearings also holds good for the connecting rod bearings, with the one exception that 
the two bearing halves may be brought closer together by the removal of some of the “‘liners” 
between them. For very fine fitting, the “‘liners’’ may have to be filed down. 

; Play in the connecting rod bearings may be located by moving the rod up and down by 
hand; the removal of the lower half of the crank case is of course necessary before the con- 
necting rods can be reached. 2 ; : ‘ 

Wrist Pin Bearings.—The wrist pin bearing is not babbited; its location exposes it to 
considerable heat and the fact that the wrist pin does not revolve in the bearing but is secured 
to the piston, with the connecting rod oscillating upon it, makes it possible to use bronze as 
bearing material, while the wrist pin is made of cold rolled steel. For renewal of the bearing 
only a bronze wrist pin bushing and a wrist pin need be substituted. : 

As a rule, wrist pin and connecting rod bearings are apt to wear sooner than the main 
bearings, for which reason it is advisable to examine the former before disturbing the adjust- 


ment of the main bearings. 
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PLATE—STUDEBAKER ENGINE LUBRI- 
CATION SYSTEM. 


The function of this system is to automatically 
supply oil to the cylinders, connecting rods, crank 
shaft bearings, camshaft, and all parts within the 
crank case and cylinders that require lubricating, 
The system consists of a reservoir of four quarts 
capacity, a plunger pump, and four pipes C, G, L, 
and V, leading to and from the pump to various 
parts of the engine as shown in the illustration. 


On the reservoir there isa gauge L, and a filler 
cap H, the latter is removed to fill the reservoir with 
oil. 


The system employed is the constant level 
splash system, combined with forced feed to timing 
gears and forced feed spray to connecting rod bear- 
ings. A quantity of oil is carried in the bottom of 
the crank case F; plunger pump B pumps the oil from 
this reservoir and sprays G, over the connecting rod. 
bearings. It also pumps surplus oil through a sight 
feed J or indicator on the instrument board from 
which it flows over the timing gears D, at the front 
of the engine and returns to the reservoir through the 
pipe U. The oil draining from the spray collects in 
troughs E which maintain a constant level of oil 
just under the connecting rods. At each revolution, 
short projections M from the connecting rods dip 
into these troughs and splash oil over the lower ends 


of the pistons, and over the cam and crank shaft bearings. 


In operation, if oil should cease to flow through the sight feed J, when engine is running, 
the engine should be stopped and hood lifted to ascertain if the gauge A show oil in the re- 
servoir; if it do, then either the pump or passages are clogged and should be cleaned. When 
the pump is taken down for cleaning it must be primed through the plug N.. 
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LUBRICANTS AND. LUBRICATION 


One of the important considerations in connection with 
the operation of an automobile of any power, relates to the 
proper lubrication of the moving parts. As is evident on 
reflection, it is necessary that all such parts should be sup- 
plied with oil or lubricating grease, but it is also a fact, not 
so well understood, that different kinds of lubricant are 
necessary for the different parts of the car. 

With the ordinary oils, suitable for use in the steam en- 
gine cylinder, it was impossible to obtain anything like a 
satisfactory speed and power efficiency, and only when the 
superior properties of mineral oils were better understood 
was the present high degree of perfection obtainable. 


Answers Relating to Lubricants 


Ques. ‘What is the duty of a lubricant? 

Ans. ‘The duty of a lubricant is to reduce friction; the 
lubricant accomplishes this by keeping the parts separate, 
being pressed out into a thin film on which the moving 
parts rub, thus preventing direct contact. 

Ques. Why is direct contact objectionable? 

Ans. Because metal surfaces, although they appear 


smooth to the eye and to the touch, are made up of minute 
irregularities which are visible when magnified, as shown in 


fig. 254. 
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Ques. How do these irregularities act? 

Ans. When two metal surfaces are brought into contact, 
these minute irregularities interlock, retard the motion, and 
tear off the projecting particles. 


Ques. What term is applied to the tearing off of small metal 
particles? 


Ans. Wear; when a bearing is allowed to run dry, the 
wear will often result in the piling up of such loose particles, 


Tig. 254.— Imaginative view of a shaft showing its rough granular struc- 
ture. In operation, these minute irregularities interlock and act as a retard- 
ing force, or frictional resistance. Hence, the necessity for lubrication—y 
lubricant presents a thin intervening film against which the surfaces rub. 

\which, due to pressure and the resulting heat, are again 
welded together, forming irregular humps on one of the 
surfaces, which cut grooves into the adjoining surface. 
This is usually termed cutting or grooving. 


Ques. What is the final effect of cutting? 
Ans. If not remedied in time, it will result in freezing, 
that is, the adhesion of the surfaces to each other. 
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Ten Lubricating Systems 


A scientific analysis of the lubricating systems of all standard makes of 
automobile in connection with exhaustive tests with different oils in each, 
demonstrated that practically every lubricating system in use to-day could be 
included in the following ten distinct types: 


Full splash ; 

Splash, with circulating pump ; 
Pump over and splash ; 

Force feed and splash ; 

Pump over ; 

Separate force feed ; 

Force feed ; 

Full force feed ; 

Knight slide valve engine ; 

10. Oil fed with fuel, 


Be oe COTS Co 


Tests have shown conclusively that no one grade of oil, however high its 
quality, can be suitable for all types of engine and lubricating system, be- i 
cause of the wide variance in the methods employed of feeding the lubricant ie 
to the various working parts of the engine. 


The above lubricating systems may be divided into two general groups: 
1. Circulating Systems; 
2. All loss systems. 


_In_ circulating systems the original oil poured into the crank case of the 
engine is used over and over again, being circulated to the moving surfaces in 
contact by the moving parts themselves or by a circulating pump. s 


When the oil has been in use, in an engine employing these systems, during 
several hundred miles running, it is necessary to drain the crank case and 
thoroughly rinse out all used oil. 


In the all loss systems, oil is filled up to a fixed level in the crank case of 
the engine. The lubrication of all parts is then made continuous by splash and 
by feeding oil from an auxiliary source into crank case, either through the 
main bearings or to a constant level distribution trough at an adjustable 
rate corresponding to the rate of oil consumption. 


In all loss systems all oil fed into the crank case from the auxiliary source 
1s consumed at or about the same rate as the feed. Because of the constant 
addition of fresh oil, it is unnecessary to drain and wash out the crank case of 
an engine employing the all loss systems as frequently as is the case with the 
circulating systems. 


The all loss systems are much less fool proof than are the circulating 
systems. There is always a possibility with the former of feeding an excess 
of oil into the crank case, causing a rapid carbon deposit in the cylinders, or, 
of feeding too little oil, causing unduly rapid wear of parts. 


System No. 10, oil fed with fuel, consists of mixing approximately one pint 
of oil with each five gallons of fuel. In rare instances oil is fed from a drip 
cup into the inlet manifold and carried to the cylinders by the explosive 
charge. 


For this classification and the series of cuts illustrating the various 
systems, credit is due the Pratt and Washburn Refining Co., New York City. 
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Ques. What are the essential requirements of a lubricant? 

Ans. 1, body, 2, fluidity or viscosity, 3, freedom from 
gumming, 4, absence of acid, 5, stability under temperature 
changes, and 6, freedom from foreign matter. 


oa 


Fig. 255.—Typical force feed lubricator, operating by air or gas pressur" 
instead of a pump. The parts are: A, oil reservoir; B, distributing pipe; 
C, C, valve screws for regulating flow of oil to parts, through Jeaders, D and 1); 
E, standpipe through which oil is forced by air pressure; F, standpipe aera ing 
air or exhaust gases under pressure; F’, union for pipe from crank case; G, 
unions for pipes to various parts of the machinery. 


Ques. What is meant by “body” of a lubricant? 

Ans. ‘The body indicates a certain consistency of sub- 
stance, that prevents it being entirely squeezed out from 
the rubbing surfaces. The body ofa lubricant should be 
such as to prevent a too rapid running off, depending on the 


working pressure. 
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Ques. What is understood by fluidity? 

Ans. Fluidity of a lubricant refers to a certain lack ot 
cohesion between the different particles, which reduces the 
fluid friction. Fluidity, so far as it does not oppose body, 
is a desirable quality. Excessive fluidity allows the lubri- 
cant to run off too quickly, thus causing waste. 


Fig. 256.—The Essex multi-feed automatic oiler. The sight feeds are 
attached to the inside of the dash, with their fittings extending through same; 
the reservoir is attached to the dash under the hood and piped to the engine as 
indicated. The parts are: A, sight feed fitting; B, reservoir; C, check valve for 
cylinder; %’’ connection to oil tube; E, oil tube from reservoir to sight feed; F, 
pressure check; G, pressure tube; H, oil delivery tubes; J, filler plug; K, regulat- 
ing valve stem, 


Ques. What is stability of a lubricant? 


Ans. A lubricant is said to be stable when it retains its 
good qualities under temperature changes. 


Lubricants should retain their good qualities even when used 
under high temperature, as in the cylinder of an engine, or when 
used under low temperature, as in exposed bearings. 

The lubricant should not evaporate or be decomposed by 
the degree of heat to which it will be exposed under working con- 
ditions. It must retain its normal body and fluidity as much as 
possible, and must not congeal by cold. 
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Lubrication Dont’s 


Don’t expect lubricating oil to perform the impossible task of correcting mechanical defects. 
Too much clearance between piston and cylinder, or bad and leaky piston rings, will surely fill 
the explosion chamber with carbon, even when the best lubricating oil is used. 


Don't fill the oil reservoir above the correct level and expect the engine not to smoke, and 
not to carbonize the cylinders. Enough is sufficient—too much is useless waste and the cause 


of trouble. 


Don't buy bulk oil from garages. Your request to “give me a can of oil” may rob your outing 
of its pleasure. Take a supply of oil known to be good. 


Don’t fill reservoir by pouring oil into it through a dirty or sandy funnel. Sand and dirt do 
not lubricate, but they do destroy. 


Don’t use too light an oil under the impression that an oil must be very light in order to 
reach all parts. The temperature of the engine is so high that too light an oil will be so thinned 
out as to be of little use as a 1ubricant. For efficiency and economy use the heaviest oil per- 
missible. Even heavy oil runs freely when exposed to the heat within the crank case. 


Don’t forget that an air cooled engine requires heavier oil than a water cooled engine, be- 
cause of its higher operating temperature. 


_ Don’t think that oil never wearsout. After drawing the old oil from the crank case, always 
rinse it out thoroughly with kerosene before re-filling. Be sure to close all drain cocks. 


Don’t judge the vicosity (or body) of oil at atmospheric temperature. Remember that 
when oil passes through the bearings it has a much higher temperature than the surrounding air. 


Don’t use grease which is not semi-fluid in transmission or differential housings. After 
the gears have cut tracks in hard grease further lubrication is impossible and rapid wear the 


result. 


— Don’t fail to consult chassis oiling chart, which shows where and how often lubricant 
should be applied. This is very imtortant. 


Don’t drive the engine at high speed while the bearings are light.. Wait until the car has 
made at least 590 to 1,000 miles and the bearings are properly runin. Over lubricate, rather than 
under lubricate, while the car is new and stiff... Don’t underestimate the effect which poor 
carburetter adjustment has upon the caron deposit. Carburetter flooding and too rich mixture 
will cause a voluminous deposit of carbon in the form of lamp black. The absence of sufficient 
oxygen in a rich mixture renders impossible the complete oxidation or burning of both fuel 
mixture and oil vapors. As a consequence, carbon is deposited from the partially burned fuel, 
and more rapidly, from the highly heated unburned oil. 


Don’t fail to see that the carburetter is adjusted, while the engine is hot, to the point 
where it flares back from leanness of mixture. When this point is ascertained, increase the fuel 


feed very slightly until popping ceases, 
_ Don’t forget that regularity in supplying the right oil to the engine and other parts of the car 
is the surest means of securing unalloyed pleasure in driving, and freedom from annoyances on the 
road, 

Don’t lose sight of the fact that proper lubrication is by far the most important thing in 
the operation of any gas engine. A large percentage of all engine troubles arise from, and can 
be traced to, faulty iubrication. 
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Ques. How are lubricants classified? 
Ans. As solid or liquid. 

Ques. How are they classified with respect to composition? 
Ans. As animal, vegetable, or mineral. 7 

Ques. Name the solid lubricants. 


Ans. Graphite, soapstone, and the various lubricating 
greases. 
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Fig. 257.—Horizontal cylinder oiled by force feed oiler distributer. The 
piston is oiled when passing under oil port, as shown by the dotted outline. 
The connecting rod is longitudinally grooved on the upper surface, so as to 


carry oil to the bearings. 
Ques. What is graphite? 


Ans. Graphite is one form of carbon; it has an iron 
eray color and mivtallic luster. Graphite is soft and unc- 


tuous to the touch, and is known also as black lead and 
plumbago. 


Ques. In what two forms is graphite used? 


Ans. In the crystalline or flake, and the powdered form. 


Graphite is also known as black lead and plumbago. Black 
lead usually refers to inferior grades of graphite. 
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Ques. Is graphite used in its pure state only? 
Ans. It is sometimes mixed with oil or grease, and in 
such combination makes an excellent lubricatit. 


Ques. Can graphite be used in the cylinder of an engine? 

Ans. Yes; on account of its ability to withstand high 
temperatures, it makes a desirable lubricant for the cylinder. 
It fills up the pores of the metal, and forms a smooth sur- 
face, reducing friction, and tending to prevent leakage past 
the piston. 


Ques. How is graphite applied to the surface of a cylinder? 

Ans.. In various ways; some prefer to mix it with oil 
in the form of a paste, and open the cylinder to apply the 

paste to the cylinder walls. It may also be introduced 
through the spark plug opening at intervals, or through a 
regular cup made for the purpose. 

Graphite should be used moderately, as it is a conductor of 
electricity, and if the spark plugs become fouled with it, trouble 
will result. 

Ques. How is soapstone used?- 

Ans. Soapstone is used in the form of a powder or 
mixed with oil or grease. It should, however, be used 
sparingly, especially when mixed with oil, as it may clog 
the oil grooves of a bearing. 


Ques. What may be said about the use of grease? 

Ans. ‘The various lubricating greases are well adapted 
tor heavy pressures under slow speeds, they are generally 
fed to the bearing under pressure of a spring compression 
grease cup ot a screw compression cup. ‘The lubricating 
qualities are often improved by mixing with graphite. 


Ques. Where is grease especially desirable? 
Ans. On the crank shaft bearings of a two cycle engine, as 
on account of its consistency it will not run out, hence, it will 
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PLATE—LOZIER LUBRICATION CHART. 

Plan of chassis showing what parts to lubricate and what lubricantstouse. Parts indicated 
_tya (*) have a corresponding part on opposite side of car—lubricate both. 
: 3524 
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PLATE—LOZIER LUBRICATION CHART—Text continued. 


The following schedule of lubrication is recommended by the manufacturer, 
Every day car is in use, or every 100 miles. 


Part Quantity Lubricant 
Crank case . , - + + + + . . . . . Keep oil reservoir filled . . . . Engine oil 
Steering gear case greasecup . . . . . One complete yttermieecd & 4, << Cup grease 
Steering'wheel oil hole. ....... Thoroughly ....... . . Engine oil 
All spring bolt grease cups ..... . One complete turn .... . . Cup grease 
Torque arm bracket bolt grease cups . Onecompleteturn .... . . Cup grease 
Torque arm pin zreasecup . .... . One complete turn .... . . Cup grease 
Pinion shaft greasecup ...... . Two complete turns ... . . Cup grease 
Steering spindle bolt grease cups... Two complete turns ... . . Cup grease 
Clutch pedal shaft bearings. . .... Phoroughly = 2 =... nn ron Engine 
Fan hae orhole eS ate 4 ls) Se oroueal yee = kee ee Engine oil 
Pump shaft greasecups ....:.. . One complete tum .... . . Cup grease 
Every week or every 300 miles. 

Part Quantity Lubricant 
piseniigigear Case. |... . . so se RRack a =k Gnnee c- . . SoS? Cup erease 
Joints of spark and throttle control rods Few drops. Rss sews s aes Epping au 
Accelerator shaft bearings ..... . Thoroughly ...... . .. . Engine oil 
ransmission eases, afk © oh. ee Three-quarters full or enough to 

allow small gear on sliding 

gearshafttodip ..... . Non-fluid oil 
Brake pullrods and connections .. , FROPOUSDI EMT SK cE cane Engine oil 
Brake cross shania epee ees eee Thoroughly ........ . Engineoil 
Rear spring seat bearing grease cups . . Two com pleteturns .. . . . Cup grease 
Brake supports oo. se Se RORORe hae. SS LS npine oil 
Brake lever tube grease cups . . . . . Two complete turns ... . . Cup grease 
Drag and cross link grease cups . . . . Two complete turns ... . . Cup grease 
Flab flangetoil-holes 25) >. . ee ‘Thoragghiy |. Base 66s Engine oil 
Speedometer drive a). 6 ) 2°. oe Thoroughly 2°)... 5... .d&eEngine oil 
Twice a month or every 500 miles. 

Part Quantity Lubricant 
Magnetoibearings™ 0°72". .. eee) Threevor four drops (no more) . Light oil 
Waiwersaljoints.. . . . «he ee Pack dalla ke. ae « » » « Cup grease 
Once a month or every 1,000 miles. 

Part Quantity °* Lubricaht 
Crank icaseu rant ohetineire. eas « Draine cleance’ tidton. hly with 

kerosene; refill with peek oil . Engine oil 
Drag and crosslink boots ...... Packfull |... +s). 4. 4 Cup grease 
Rub capstuae. ns. ee ee) PaCleraiGn ate =). URE Te» Je? Otp renee 
Spring leaves (jack up frame, loosen 
clips, pry leaves apart). .... . . Cleanse carefully; lubricate thor- 
OUR ). Cuetee want pe Graphite grease 
Differential case ...... ... « Drain, flush with kerosene, refill 
enough for large bevel gear to 
dip or about one-third full . . No. 3, grease in 
cold weather; 
No. 5 in warm; 
also about one- 
quarter pint 
heavy cylinder 
oil 
Tramgmission case“) ..). 06 Ome ek Drain, flush with kerosene, refill 


three-quarters full, or enough 

to allow small gear on sliding 

gear shafttodip .... . . Non-fluid oil 
Lighting dynamo and engine starter . . An instruction book covering both the lighting gen- 


erator and starting engine is furnished with each 


car; full instructions as to lubrication of these 


units are contained therein, 
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make the bearings tighter against leakage of crank case 
compression. 


Ques. What are liquid lubricants? 
Ans. The various grades of oils. 


Ques. How are oils classified with reference to body? 


Ans. As light or heavy. 


Ques. How are oils classified as to their origin? 


Ans. As animal, vegetable, or mineral. 


. 


Answers Relating -to Oil Tests 


Ques. What are the two kinds of oil tests? 
Ans. Chemical and mechanical. 


The former are usually made in laboratories, but there are 
a number of simple tests which any one can make. 


Ques. What is meant by the cold point of an oil? 
Ans. ‘The cold point is the temperature at which any 
given grade of oil will freeze, or become cloudy. 


Ques. What is the flash point? 
Ans. The temperature at which an oil gives off inflam- 
mable vapors. 


Ques. What is the burning point? 
Ans. The temperature at which an oil takes fire. 


Ques. Describe a test for clearness. 

Ans. A sample of the oil is taken from a barrel that has 
been well rolled and shaken. ‘The glass containing the 
sample should be transparent, and the oil, if very cold, 
should be warmed. ‘The oil then, if of good quality, will 
be clear. 
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’ The amount of suspended matter is, with a light oil deter- 


mined by mixing and shaking with a relatively larger quantity 
of gasoline. : 


Ques. How is the purity of an oil indicated? 


Ans. By shaking a small quantity in a bottle with a 
quick, jerking motion, so as to produce air bubbles. It 
the oil be pure, the bubbles will soon burst and disappear, 
but if mixed with other oils, they will rise to the surface and 


collect. 


Figs. 258 and 259.—Sectional 
and exterior views of the Lunken- 
heimer exhaust pressure regulator 
for operating an exhaust pressure 
lubricator (or a pressure full sys- 
tem). The pressure enters at V, 
passes around tube D through the 
spiral passage, then through holes 
at bottom of tube D into the strainer chamber, through the fine gauze strainer E, 
past the check valve N; from here the pressure is led to the exhaust pressure lub- 
ricator, and also through a separate connection to pressure gauge, mounted on the 
dash. M isa spring relief valve which may be adjusted to maintain any pressure 
desired, from 2 ounces to 4 pounds. The spiral arrangement, around which the 
incoming gas passes, serves to cool and purify the gas and condense moisture. 
The water of condensation collects in the large aluminum cap B, where it can be 
drained off at will. The fine mesh strainer is provided to scteen the gas and 
remove remaining particles of carbon. The spiral tube and the strainer may be 
removed for cleansing, by unscrewing the knurled cap B. ‘The pressure is in- 
creased or decreased by adjusting the regulating screw H. é , 
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Ques. How may animal matter be detected in oil? 

Ans. About one oz. of the oil is placed in a 4 oz. bottle, 
and two teaspoonfuls of powdered borax. If, on shaking, 
a soapy deposit should form, the oil contains animal matter. 


Ques. Describe the acid test. 

Ans. A small quantity of oil is mixed with warm water 
or alcohol, and tested with blue litmus paper, which will 
turn red if any free acid be present. 


LUNKENHEIMER 
EXHAUST PRESSURE 
REGULATOR 


A~LUNKENHEIMER AUXILIARY AIR PUMP. 
B-EXHAUST PRESSURE GAUGE. TO GASOLINE TANK 


Fig. 260.—The Lunkenheimer exhaust pressure regulator as applied to an 
automobile. The purpose of this device is to automatically control the pres- 
sure of the exhaust, so that ic may be utilized either to operate an exhaust 
pressure lubricator, or to force gasoline from the main to the auxiliary tank 


of a pressure fuel system, 


Ques. What is the test for rancid oil? 
Ans. Rancid oil is indicated by its odor when a few 
drops are rubbed between the hands. 


: Answers Relating to Lubricating Systems 


Ques. Name several methods of engine lubrication in general use. 
Ans, ‘The gravity, splash, pressure and positive systems. 


Ques. Explain briefly the working principle of each system, 
Ans. 1, in the gravity system, the lubricator is placed 
at a sufficiently high elevation to permit the oil to flow to 
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the bearings; 2, in the splash system, a quantity of oil is 


placed in the crank case and maintained at such a level 


that the ends of the connecting rods come ia contact with 
the oil at the lower part of their revolution and splash it 
upon the working parts; 3, in the pressure system, the oil 
is contained in a reservoir and forced to the various bearings 
under pressure acquired by connecting the reservoir to the 
exhaust by a small pipe, or by utilizing the pressure from an 
enclosed crank case; in the positive system, a pump geared 
to the engine forces a certain amount of oil through the 
feed at each stroke of the plunger. 


Ques. How is a gas engine cylinder lubricated? 


Ans. In some engines the splash system is used, while 
in others the oil is fed from a lubricator. 


Answers Relating to the Choice of a Lubricant 


Ques. What determines the choice of a lubricant? 


Ans. The principal things to be considered dre: 1. rub 


? 


bing pressure; 2, rubbing velocity, and 3, temperature. 


Ques. How should oii be selected for cylinder lubrication? 


Ans. It is desirable to select an oil that will deposit ag 
little carbon as possible. 


Ques, Are animal oils suitable for engine lubrication? 


Ans. Animal oils, such as sperm, whale, fish, lard and 
neat’s foot oils are sometimes used on outside bearings of 
heavier machines, but for high speed machinery especially 
gas engines, with the accompanying high temperature, 
they should not be used. 


| 
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é Blues: What kind of oil is generally used for engine lubrica- 
ion: 


Ans. Mineral oil of considerable body yet of high fluidity 
and cold point. 


Ques. What qualifications must a cylinder oil possess? 


Ans. It should have a “‘flash’’ point of not less than 
360° Fahr., and a fire test of at least 420°, together with a 
specific gravity of 25.8, and a viscosity of 175. 


OIL RESERVOIR 
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Fig. 261.—Sectional view of the Pierce lubricating system, showing the 
position of the oil reservoir relatively to the bearings to which it transmits 
the lubricating fluid and the connection by which the overflow is returned to 


the reservoir. 


Ques. Why must the oil have a high flash point? 


Ans. As the piston rises in the cylinder, the oil is de- 
posited on the walls; when the piston moves outward the 
oil is exposed to the heat of the burning gases. The length 
of time during which it will continue to lubricate under this 
condition will determine the value of the oil. 
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Ques. Are vegetable oils suitable for lubrication? 
Ans. They are used on outside bearings to some extent, 


Ques. Is it customary to use any other than mineral oil on the 
bearings? 


. Ans. As most automobile engines are oiled from a com- 
mon lubricator, only one grade of oil is used, and this is 
selected to suit the cylinders. Oils that are suitable for 
gas engine cylinders are suitable for the other bearings. 


Le € 


Fig. 262.—Splash and force feed lubrication system as applied to the 
Pope-Hartford engine. ‘The force feed oiler is bolted to the crank case and 
driven by an extension of the water pump shaft. The oil supply is drawn 
from a reservoir in the bottom of the crank case. ‘This oil, less the amount 
delivered by the small pumps through the six feeds, F, E,D,C,B A, passes 
through an overflow pipe, B, into the cam shaft chamber of the crank case, 
lubricating the cam shaft bearings, cams, rollers and holders. From here the 
oil is led through holes so located as to always maintain the correct level in 
the cam shaft chamber, to each of the main bearings, thence it finds its way 
into and maintains a constant level in the crank pit for connecting red lubri- 
cation and the general splash lubrication of the engine. The surplus oil over- 
flows through a stand pipe and strainer, D, into the reservoir, from which it is 
again sucked up into the oiler and used again as above described. ‘The crank 
case reservoir is filled through G; oil poured through this opening first fills the 
crank pit, then overflows through a stand pipe and strainer until it reaches 
the level of the gauge cock, H, being strained three times after leaving the 
crank case before being used again. The pipes, I, lead to sight feed, H, on 
dash; the cocks P and R indicate, tespectively, highest and lowest levels. 
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Cues. How should a lubricant be selected to suit the rubbing 
pressure? 


Ans. For heavy pressures, it should have a good deal 
of body, while for lighter pressures there should be less body. 
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Fig. 263.—Sectional view of a mechanical oiler. By adjusting the screw P 
the quantity of oil pumped can be varied to suit the requirements. When screws - 
are down the oiler is delivering its maximum capacity. The sight feed glasses on 
top of the oiler show the quantity of oil passing through each pipe, and under 
ordinary conditions about three drops to each stroke of the pump is an average 
supply. This oiler is filled through an opening on top, and the height of the oil in 
the reservoir is ascertained by & zauge glass at the end. 


Ques. What quality is des:rabie, with respect to rubbing velocity? 

Ans. For high speed bearings, a lubricant should possess 
good fluidity, while for low speed, less fluidity is desirable 
to prevent waste. 


Ques. What kind of lubricant is suitable for the ‘transmission 
gears? 


Ans. Any lubricant of reasonable body that the gear 
case will retain gives good service. 
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The construction of some gear cases is stich that good machine 
oil is retained and is satisfactory, while in others, grease must be 
used to prevent leakage. A combination of oil and grease is fre- 
quently put in gear cases; graphite mixed with oil is a very desir- 
able lubricant for this purpose. 


Ques. What should be used for the rear axle? 

Ans. A compound of grease-or graphite and oil, mixed 
to such a consistency that the gears will not simply cut a 
path in it, but it should be just liquid enough to flow. 


Figs. 264 and 265.—Lunkenheimer “Auto” multiple-feed mechanical fub- 
ricators. The illustrations show the integral ard the itidependent manifold 
types. The one at the left has two compartments and a hand pump, 


Ques. What attention should be given to the universal joint? 

Ans. It should be packed with hard oil, and at frequeat 
intervals lighter oil should be forced in, so that it will find 
its way to all the working joints, 


Ques. What kind of lubricant is suitable for ball bearings? 

Ans. Oil or grease that is not too heavy or solid. : In 
general, the most fluid lubricant, not thinner than the 
heavier machine oils, that can be satisfactorily retained in 
the bearings, is most desirable. 


Ques. What kind of lubricant is suitable for roller bearings? 


Ans. ‘The same as for ball bearings, except the thicker 
grease. : 


ee 


PLATE—SYSTEM NO. 9 


Knight Slide Valve Engine.—The illustration shown employs SYSTEM 3—Pump Over 
and Splash. This system is probably used more than any other in connection with Knight slide 
valveengines. The full force feed lubricating system, 8, is also used with Knight engines. 
One peculiarity, however, is to be noted. The connecting rod troughs are generally hinged in 
such a way as to be easily raised or lowered, as required, allowing the connecting rod scoops to 
dip deeper and deeper into the troughs as the throttle is opened and the load on the engine 
increased, or, on the other hand, less and less deeply as the throttle is closed and the load on 
the engine decreased. Three movable troughs are connected through bell cranks to the throttle 
rod opening carburetter valve, and raise the lower as the throttle is opened or closed. A 
troublesome surplus of oil is thus avoided on the sleeves, pistons, etc., undue carbonization of 
the valve ports and cylinder walls, as well as smoky exhaust, is prevented. Grooves are cut on 
the outside of both sleeves and holes are also bored through the outer sleeves. Oil is splashed on 
to the walls of the inner sleeves, lubricating the inner sleeves, pistons and piston rings. Oil is 
splashed on to the outside of the outer sleeves and due to their reciprocating motton, it is cariied 
up the cylinder walls, lubricating same. Part of this oil passes through the holes bored in the 
outer sleeves and lubricates the outside of the inner sleeves throughout the,r entire length. Some 
Knight engines are provided with additional oil feeds to the extreme upper ends of sleeves. 
These feeds are both hand and throttle controlled, opening only when the engine is delivering its 
full power. Oilis splashed into pockets on eccentric shaft bearings from which it feeds through 

holes to the bearings. The condencing rods which drive the inner and outer sleeves are lubri- 
cated by the oil which splashes on them. It collects in holes bored in either end and feeds to 


the lower and upper bearings. 
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_ Gravity Feed and Splash System, as applied to a two cylinder, two cycle, three port 
engine. 


PLATE—MARINE LUBRICATION SYSTEMS. 


The general conditions under which marine engines work, as regards temperatures, differ 
materially from those in other types of gas engine. ‘ 

Marine engines are cooled by the vigorous circulation of cold sea, lake or river water ; 
through the jackets of the cylinders. 

The water is picked up fresh, forced through the cylinder jackets and discharged bacle 
into its source. Hence the operating temperature of a marine engine is relatively lower than. 
the temperature at which automobile engines operate. This condition fixes the character of the 
oil which should be used. 

_As arule, a much lighter oil may be used hecause of the lower temperature of the 
engine parts. A light or medium grade oil also deposits less carbon at the comparatively low 
temperature of a marine engine, than does a heavier oil, 
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A thick grease will prevent free rotation of the rollers, and 
may have a tendency to throw them out of alignment with the 
journal. 


The following lubrication schedule is here given as a 


guide for the proper lubrication of an autcmobile. 


OIL EVERY DAY: 1, mechanical oiler, 2, starting crank 
bearing, 3, valve lifter tappets, 4, steering rod joints, 5, running 
or foot brake, 6, magneto spiral advance, 7, distributer spiral 


Figs. 266 to 268.—Air and oilhand pumps. ‘The air pump, fig. 266, is used 
for creating pressure in the auxiliary tank to force the lubricating oil in the 
lubricator. The oil pump, fig. 267,is convenient for drawing oil from the lub- 
ricator or oil tank and forcing it into the crank case. For compactness both 
pumps are combined as in fig. 268. 


advance, 8, grease cups, 9, inspect crank case level, 10, fill oil 
cups on rocker arms, 11, oil push rod bearings, and 12, oil inlet 


valve stems. 


OIL EVERY 500 MILES: 1, inspect oil level in gear case, 
2, control and break lever parts and bearings, 3, foot pedals, 4, 
steering gear case, 5, control lever bearings on top of steering 
wheel, 6, oiler drive and geat case bearings, 7, distributing bear- 
ings, 8, jack shaft universal joints, 9, magneto drive shaft bear- 
ings, and 10, universal clutch shaft joints. 


OIL EVERY 1000 MILES: 1, steering axles, 2, springs, 3, gear 
shifting rods, 4, clutch parts, 5, compensating case, 6, forward 
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clutch ball bearings, 7, sprocket shaft ball bearings, 8, wheel 
ball bearings, 9, magneto, 10, fan bearings, and 11, clutch throw 
out yoke. : 


Ques. What is the effect of foreign matter in a lubricant? 
Ans. Foreign matter increases friction and clogs the 
feed tubes, thus causing heating and consequent cutting. 


Fig. 269.—The Hill precision oiler. In operation, the center post A re- 
volves by means of the worm wheel B, and the worm on the driving shaft GS 
which receives its motion from some part of the machine, either through a belt 
or ratchet. When the center post A is revolved, the plunger D is raised at 
intervals by means of the outer end of the yoke K, coming in contact with one 
of the cams F, Oil is thus drawn into the plunger chamber through port V. 
When the outlet to the chamber is in line with the delivery port, the yoke E 
disengages with the cam IF and the spring G drives the plunger down, thus 
shooting the oil through the delivery pipe into the bearing. The amount of 
oil taken into the plunger chamber for any bearing is accurately proportioned 
by means of the adjusting screws H, each delivery tube having its own cam 
and adjusting screw. ‘The center post is held firmly on its seat by means of 
the spring ‘I. 


Ques. What is the effect of grit? 
Ans. Grit, such as road dust, or dust caused by sweep- 


ing the floor, etc., is about the worst substance that could 
enter the oil, its effect is to produce just what the oil is 
intended to prevent, namely, wear, heating and cutting. 


Grit consists, to a large extent, of fine sand, that is, pulverized 


rock or quartz; these substances are very hard, and will have the 


' same effect upon steel or other metals as emery. 


q 
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PLATE—MOTOR CYCLE LUBRICATION SYSTEMS. 


The majority of motor cycle engines are cooled by direct radiation to the external air 
through fins on the outside of cylinders and valve pockets. The operating temperature is © 
consequently higher than that of any other type of internal combustion engine. Hence an oil 
must be used which will retain its lubricating properties when exposed to intense heat and 
provide a tenacious seal between piston and cylinder. In the analysis of the lubricating sys- 
tems used in connection with motor cycle engines, a classification will include four distinct systems. 
In these four systems, oil is first filled into the crank case up to the oil level cock or gauge. 


System A.—Oil is drawn from supply tank by a pump, usually driven from the cam shaft, 
and forced to the front cylinder where it lubricates cylinder, piston, etc., thence it feeds into 
the crank case and is picked up by the flywheel and splashed over all parts to be lubricated. 
The rear cylinder receives its oil from the flywheel splash. An auxiliary hand pump, discharging 
into the crank case, is also furnished for emergency use. 


System B.—Oil flows by gravity from poly tank through an adjustable sight feed to 
one of the crank shaft main bearings; passing through this bearing it enters a duct in flywheel 
and is thrown by centrifugal force to the crank pin bearing and thence projected in all direc- 
tions within the crank case, part collecting in an annular well into which the lower skirt of the 
piston dips for the lubrication of the cylinder. The surplus oil from the well overflows through 
a duct to the second main bearing. An auxiliary hand pump, delivering oil into the crank case, 


is also furnished for emergency use. 
System C.—Oil is thoroughly mixed with the fuel, in the approximate proportion of one 


pint to five gallons of fuel, before filling supply tank. The fuel itself thus acts as a vehicle for 
carrying oil to all parts to be lubricated, collecting upon their surfaces by condensation. 


System D.—Oil flows by gravity from supply tank through an adjustable sight feed, usually 

over the distribution gears into the crank case where it is splashed by connecting rods oyer all 

oving parts in contact. An auxiliary hand pump discharging oil into the crank case, is also 
Pecuiahed for emergency use. ‘ 
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PLATE—CLUTCH, TRANSMISSION, 
AND DIFFERENTIAL LUBRICATION. 


Disc Clutch Lubrication. 


Through filling plug A, a mixture of light 
oil and kerosene in the proper proportions, or 
better, a ‘‘straight”’ disc clutch oil should be 
filled into clutch casing until it commences to 
overflow past the felt packing ring B. 


At the end of every 500 miles the plugs A 
should both be removed, the old oil emptied 
out and the clutch thoroughly rinsed out with 
kerosene and allowed to drain. The bottom 
plug is then replaced and the clutch refilled 
with fresh oil as above indicated. 


Transmission Lubrication. 


A semi-fluid grease or heavy oil is filled 
through the opening A up to about the center 
of the main line drive shaft B and the cover 
replaced. It is important at the time of pur- 
chase or overhaul to make sure that the felt 
packing rings C are in place and fit the shaft 
snugly. These rings prevent leakage of lubri- 
cant from transmission case along the drive 
shaft. The lubricant should under no con- 
sideration be filled above the level stated, 
since leakage will then result past the pack- 
ing rings even though these be properly fitted 
and tight. 


The supply of lubricant within the trans- 
mission case should be inspected every 1,000 
miies and kept up to proper level. The trans- 
mission case should be drained and thoroughly 
washed out with kerosene at the end of every 
3,000 miles and refilled with fresh lubricant. 


Differential Lubrication. 


Filling plug A and the constant level plug O 
are removed. A semi-fluid grease or hea 
oil is then filled into the differential case untit 
it overflows from the constant level plug hole. 
Both plugs are then replaced and the differ- 
ential is ready for service. 


It is important that the supply of lubricant 
within the differential case be inspected every 
1,000 miles and be kept up to the proper level 
by the addition of fresh lubricant. The differ= 
ential case should be drained and thoroughly 
washed out with kerosene at the end of every _ 
8,000 miles and refilled. 


.362b | 


ay 


*$jO9ITp 
Weiselp oy, se AlIel 
-ndeI UMOp peMosos pus 
pay ydexy oq pynoys 
sdno osvois oy 
aqqnoay aangnt 
SUDAUL ADD aY2 94D914QN)} 
Mydagorg 07 aangrvf W 
‘uOTjORJsIyes pue 
SOIAIOS UINUWIXeUI ons 
“UE [JIM SIT, “suomoetIp 
MOU SOMGHT 5204 = MOTTOy 
AT[MJYIWIET sosevo [Te UT 
*qUBOTIG 
-NI Joy efoeydeoer 190440 
to gjoy jlo ‘dno sasvoi3 
AIOAD 99800] 04 UTedT 
pue yooq woryoniysut 
Somyorjnuewu 9yy Ur 
punoj oq 03 WeIseIp But 
-[10 94} AjyUesTIp Apnys 
Teo 8 SBUIATA00I UO 


“WVaYOVIC ONITIO 
TVOICAL—ALVI1d 


IC9E 


|} OOS9 9089 


g 


x} ie} : 
awe 
ooolo 


Xt 


B Fe 


° 
p 


S, 
eo0o010 / 00019 
VU 00s 9 


-0002 9 L 00010 0002 5 


—=_ SS. 
eslr=rr 


by 


— en 


RE aN 


“sduTIBaq BY} OUT ased1B 92.10; 0} UMOP PoUIN} A[IET 
-nZai oss 3nq ‘payty eq Afuo jou prnoys sdnd aseain 
ST! 000% Arora asvas3, {0007 D,, .!STUr OOOT 
Arona To, suBAU ,,000I O,, ‘eoUeY—yenes} jo sap 
Soyeoipul Bieuinu eyy, ‘esvei3 saylusIs ,,H,, ,,T0,, 
Seyiuss JEIouINU ey} eJOJaq ,,O,, [PUT eYL—ALON 


HEY) BuO .x1s,, exeqepnyg 


Physical Tests of Oil 


Gravity—The Baumé Hydrometer is in general use 
throughout the United States. This instrument, carrying 
an arbitrary scale, when allowed to float freely in an oil 
or other liquid, sinks to a depth corresponding to the den- 
sity of the liquid. 


The Baumé gravity value is then read at the point 
where the surface of the liquid intersects the scale. The 
liquid is maintained at a constant temperature of 60° 
Fahrenheit. 


Specific Gravity is the ratio of the weight of a solid or 
liquid substance to that of an equal volume of water. Grav- 
ity is of secondary importance in judging the qualities of 
lubricating oils. 


Flash Test—The Flash point of an oil is the lowest 
temperature at which the vapors arising therefrom ignite, 
without setting fire to the oil itself, when a small test 
flame is quickly approached near its surface in a test 
cup and quickly removed. 


When an oil is used for the lubrication of gas engines 
and thus exposed to severe heat it becomes more impera- 
tive not to allow the flash point to drop much below 400° 
Fahr. This is a guarantee of efficiency and durability. 
Flash is indicative of an oil's suitability for such use. 


Fire Test—The fire point of an oil is the lowest tem- 
perature at which the oil itself issues from its vapors 
when a small test flame is quickly approached near its 
surface and quickly removed. 


Since the fire is always above the flash, the fire value 
becomes of minor importance when judging oils for use 
in gas engine.s 


Viscosity—The viscosity of an oil is usually given in 
terms of time—the numbers of seconds required for a 
definite volume of oil to flow through a standardized 
aperture at constant temperatures. 


Viscosity ts an empirical expression of the molecular 
cohesion (internal friction) of fluids, 
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Physical Tests of Oil 


Viscosity Values—These are commonly given at 70°, 
. 100° and 212° Fahr. 


_Example: Gasoline is highly non-viscous, whereas molasses is highly 
viscous. In all lubrication the matter of correct viscosity is one of 
prime importance, 


Carbon Residue—Carbon residue determination con- 
sists of distilling a definite quantity of oil, in a standard 
flask, to the end, when a carbon deposit, or residue, is 
left upon the walls of the flask. This is weighed, and the 
percentage of carbon residue obtained. 


The percentage of carbon residue relatively high or low, 
which an oil contains does not necessarily indicate the 
amount of carbon deposit which will occur in the com- 
bustion chambers of an engine. 


Carbonization is also materially influenced by the qual- 
ity of the oil, by its viscosity and flash, and by the me- 
chanical defects in the engine. 


Color—Color values of oils are determined by com: 
paring their colors, by transmitted light, with the colors 
of standardized chromate solutions, or with the colors of 
glass slides corresponding to these solutions. 


Color values are given for oil containers of different 
lengths, fitted with clear glass ends, depending upon the 
light or dark character of the oil. Thus “100-6 inch” 
means that the oil sample has a value of 100 when viewed 
through a six inch container or cell. 


Color in no way indicates the quality, or the durability 
of an oil, neither does it show its suitability for any cer- 
tain use. 


Cold Test—The chill or cold test of an oil is the lowest 
temperature at which the oil will pour. This character- 
istic need only be taken into consideration because of its 
effect upon the free circulation of oil through exterior 
feed pipes, etc., where pressure is not applied. 


The cold test is in no way indicative of the lubricating 
or heat resisting qualities of an oil. 


PLATE—RIGHT AND LEFT SIDES OF HENDERSON FOUR CYLINDER 
MOTOR CYCLE ENGINE. 


Cylinders 25 
mechanically operate 


d 


gx 3; total piston displacement 64.9 cu. 


C ins. Inlet and exhaust yalves are 
. The engine is fitted with Schebler carburetter and Splitdorf magneto, 
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MOTOR CYCLES 


According to experience in the matter, a motor cycle 
must be propelled by an engine of rather high speed and of 
somewhat higher power rating than is actually required 
for the load to be carried. The reasons for both conditions 
are apparent, since, having dispensed with the water cooling 
and circulating system for sake of lightness and compactness, 
it is desirable to avoid overheating which might occur at 
high speeds, and such low power as would cause the engine 
to labor under ordinary loads. 

Many autoists have begun motoring on motor cycles. 
It is a very useful and inexpensive way of becoming familiar 
with the operation and peculiarities of the gas engine. 

Motor cycles, although much cheaper than automobiles, 
are capable of the same speed as the average car; moreover, 
the expense of fuel and upkeep is very small. 


Answers Relating to Motor Cycles 


Ques. What size engines are usually fitted to motor cycles? 

Ans. From two to seven horse power; the latter is far 
in excess of demands for carrying one person over the average 
roadway. 

Ques. What size engine is suitable for ordinary use? 


Ans. About four horse power. 
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Ques. What may be said of the frame and wheels? 

Ans. Both are made heavier and stronger than in foot 
propelled machines. The tubes are made with thicker 
walls, and the joints more securely reinforced. In several 

“makes, the end of security is further assured by struts and 
trusses, particularly at the fork on the steering post and at 
the place where the engine is hung. 


Ques. What types of engine are used on motor cycles? 

Ans. The one cylinder four cycle engine is the type in 
general use, although two and four cylinder engines are used 
on the higher powered machines. 


Fig. 270.—A motor cycle frame. The lower member is curved to conform 
to the shape of the crank case of the engine. The fork consists of two hinged 
pieces held in place by a spring forming a shock absorbing device. 


Ques. What style of two cylinder engine is generally used? 
Ans. The “V”’ twin cylinder engiue, as shown in fig. 
271; it is popular on account of its simplicity and lightness, 


there being only one crank and cam shaft for the two cyl- 
inders. 


Ques.. Where is the engine placed on the frame, and why? 

Ans. It is located in a very low position, so as to keep 
the center of gravity low, and make the machine easy to 
balance. With this location, the rider does not have to 
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straddle a hot engine, and the air strikes directly on the cyl- 
inder head. 


There has been a wide diversity of design in the location, and 
mode of attaching the engine to the frame. In some makes it has 
been supported on the back stays, between the pedal bearing and 
the rear wheel; in one make, on an extension of the back stays to 
rear of the wheel; in several makes it is supported against, or 
forms a part of the rear or saddle tube member of the “diamond”’ 
frame. The favorite position at the present time is on the for- 
ward part of the frame, in front of the pedal bearing, or on a tube 
arranged beneath, and suitably trussed to hold the weight. 


Fig. 271.—Sectional view of a ‘‘V” twin cylinder motor cycle engine. 
‘This type is in general use on the higher powered machines. Simplicity and 
lightness are secured in this design as one cam shaft and a single crank suffice 
for the two cylinders. 


Ques. What cooling system is used? 
Ans. Motor cycle engines are always air cooled, 


{ 


Ques. How is the engine lubricated? 

Ans. The splash system is employed; oil is placed in 
the crank case and the motion of the fly wheel and connect- 
ing rod end splashes it on the bearings, piston, and cylinder 
walls. 
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Ques. What is the usual arrangement of the valves and valve 
gear? 


Ans. ‘The valves are generally offset on one side of the 
cylinder, being arranged one above the other. The inlet 
valve is usually of the automatic type while the exhaust is 
always opened mechanically by a cam. 


It is usual to fit the ex- 
haust valve with a lifter to 
hold the valve off its seat 
and thus relieve compres- 
sion in starting. This is 
operated by a conveniently 
located lever. A spiral spring 
effects the return of the 
lever to its original posi- 
tion. 


Ques. What kind of 
ignition is generally used? 

Ans. The high ten- 
sion or jump spark. 


Current is usually ob- 
tained from a battery of 


Fig. 272—Cylinder head and valves of the Indian 
motor cycle. Both inlet and exhaust valves are placed 
in the same pocket. The inlet valve of the twin is op- 
erated by a lift rod, worked by the cam, and a rocking 
lever that is mounted on the dome of the valve chamber 
and an adjusting screw is provided in the end of this 
rocking lever to regulate the amount of the opening of 
the valve. The valve chamber dome is secured in posi 
tion by a bayonet joint, and may be removed, after 
disconnecting the induction pipe, by giving it a quarter 
turn. ‘The inlet valve, with its seat, spring, etc., come 
out with the dome, from which they are withdrawn by 
the fingers. The removal of the dome exposes the ex- 
haust valve for inspection. 


three dry cells; on_the multi-cylinder machines a magneto 
is frequently used, When a battery is used, a contact maker is 
provided for controlling the primary current. 

The contact maker is attached to the cam shaft of the engine 
and the time of spark is regulated by rotating it around the cam 
shaft. Timing devices of this class are fully described in the chap- 
ter on ignition and the method of wiring illustrated in fig. 275. 

The low tension wires may be distinguished by the small 
amount of insulation surrounding them as compared with the 

sscondary or plug wires. 


: 
| 
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_Fig. 273.—Valve gear of the Indian motor cycle. As shown in the illus- 
tration, the inlet valve of the front cylinder is about to close, while the exhaust 
valve of the rear cylinder has just opened. It will be seen that the revolving 
cam acts on the end of a cain lever, while the cam upon the lever lifts a second 
lever, or finger, upon which the lower end of the inlet valve operating rod rests. 
The exhaust valve is operated in the same way, but the levers are of slightly 
different form, and the end of the cam lever is provided with a steel roller to 
lessen the friction with the revolving cam, as the power required to operate 
the exhaust valve is greater than that required for the inlet valve. 


ilk 


Fig. 274.—Interior view of a twin cylinder crank case with flywheels, con- 
‘iecting rods, and the two to one gears which operate the valve mechanism 
and the ignition apparatus, whether that be of the battery type or magneto. 
In this illustration an oil reservoir is shown and in the right hand half of the 
base is seen the little window through which the oil level can be observed. 


- 
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Ques. What kind of primary circuit is used? ; 


Ans. A ground circuit, in which the engine and frame 
form the ground return. 


Ques. Describe the form of coil generally used. 

Ans. ‘The three terminal cartridge type of coil as shown 
in fig. 275. Where the terminals are not marked, it is easy 
to distinguish the high tension or secondary wire by its size, 
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Fig. 275.—Diagram of battery and coil connections for jump spark igni- 
tion as applied to a motor cycle. Coils are usually plainly labeled with the 
abbreviations: ‘‘Bat.,’”’ ‘‘Pri.,” ‘‘Sec.,” indicating that the wires are to be 
connected to the battery, the primary circuit or contact maker, and the spark 
plug. ‘The battery and primary wires being for the low tension circuit are 
easily distinguished from the secondary wire by the small amount of insulation 
surrounding them, 


while almost without exception, the wires at the other end 
of the coil are to be connected to the battery and contact 
maker, 


In a few cases, a four terminal coil is employed which, though 
apt to be confusing at first, need not complicate the matter of 
connecting it up in the machine if only it be remembered that the 
fourth terminalis a ground wire for the secondary coil, and should, 
therefore, be connected to some metal portion of the machine in a 
secure manner. 


' 
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PLATE—A FEW DETAILS OF THE HENDERSON FOUR 


CYLINDER MOTOR CYCLE CONSTRUCTION. 
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_The method of connecting the wiring for multi-cylinder 
engines is exactly the same as it would be were each cylinder a 
separate engine in all respects, save that only one battery is used. 

In wiring a multi-cylinder coil, then, it is necessary first. to 
connect the proper terminal to the battery and to lead each of 
the primary wires to the proper terminals of the contact maker, 


Ques. What kinds of jar absorbing device are used on motor 
rycles? 

Ans. Some spring arrangement is included in the 
saddle post. In addition, a spring fork for the front wheel 
is usually provided. 


Fig. 276.—Handle bar grip control. A twist of the tight wrist, 

the spark and exhaust valve. ‘This controls the speed of ie Scape e 

certain extent. When more speed or more power is required, a twist of the 

left wrist operates the throttle and applies the reserve powet which is necessary’ 

when steep hills or sand roads are encountered. 

Ques. What is the method of control? 

Ans. ‘The speed of the machine is usually regulated by 
adjusting or throttling the mixture and varying the time 


of the spark, also by cutting out the ignition so as to miss 
explosions. 


Ques. What may be said with respect to timing the valves and 
spark? 
Ans. With some types of engine, the timing of the valves 
and spark is fixed so that unless wrongly assembled at the 
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factory there is no chance of trouble excepting, of course, 
in the event of the rare but possible breakage of a tooth. 


- The gear teeth which mesh in order to give the correct move- 
ments are clearly marked either with lines on the ends of the 
gears or prick punch points, which in any case should be made 
to register when setting up the motor. Under these conditions 
the timing of the engine should be a comparatively easy task. 

If for any reason it be desired to retime or to verify the timing 
independently, methods are illustrated in figs. 277 and 278, for 
performing these operations, and described in the text accom- 
panying same, 
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Fig. 277.—Timing motor cycle valves. After removing contact maker 
and gear case covers and the large gear, 1, the crank is placed on the upper 
dead center, and 2, the large gear and cam replaced, the large gear meshing 
with its driver in such a way that the cam is just breaking away from the lifter 
as shown in the figure. ‘The gear case cover and contact maker are now re- 
placed. ‘The proper timing of the valve causes it to close on the dead center. 

Fig. 278.—Usual arrangement for spark control on a motor cycle. To 
time the spark, 1, the spark lever is placed in such a position that the spark 
will be half way advanced, 2, the crank is turned through one tevolution from 
the point of exhaust closure, 3, the sparking cam is set so that the contact 
spring is just leaving the contact screw, and tightened in this position. 


Ques. What three kinds of drive are used on motor cycles? 


Ans. ‘The belt, the chain, and the shaft drive. 


Ques. What objections are there to the belt drive? 


Ans. It requires adjustment, and must be kept in tight 
contact to prevent slippage of the small driving pulley on 
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the engine; slippage results in loss of power. A belt 
deteriorates rapidly, due to moisture, dirt, etc., hence, it 
requires frequent repairs and renewals. 


The use of the round, V-shaped and even flat belts, does not 
always give satisfaction. The great tension to which the belts 
have to be subjected in order to ensure proper adhesion, and still 
more the alternate action of dry and wet weather, cause them to 
stretch. This drawback frequently necessitates repairs on the 
road. Finally, the traction exercised by the belt on one of the 
ends of the hub, hinders the proper working of the latter. 

Manufacturers have reduced considerably these defects by 
providing belts of larger and better form. | 


Fig. 279.—A belt drive motor cycle. As shown, the tension of the belt 
is adjusted by changing the position of the rear wheel axle. Another method 
of regulating the belt tension is by means of an adjustable idler pulley, illus- 
trated in figs. 281 and 282. The above cut shows the general arrangement of the 
various parts, such as, carburetter, gasoline tank, ignition system, etc. 


Ques. What may be said of chain, and shaft drives? 

Ans. ‘These types of drive furnish a positive connec- 
tion between the engine and rear wheel. ‘The chain drive 
is furnished on.a number of the medium priced machines, 
and the shaft drive on the more expensive machines. While 
the chain is a satisfactory and inexpensive drive, the shaft 


with its enclosed gears is entirely protected from dust and 
does not present any lubricated surfaces to soil the rider’s 


clothing. 
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Ques. Are transmissions used on motor cycles? 

Ans. Yes;some are provided with a two speed and 
free engine transmission, others have‘in place of sliding gears 
a form of friction clutch by which the power may be grad- 
ually applied in starting. 


Ques. What advantages are gained by the use of a transmission? 


Ans. It enables the rider: 1, to climb steeper hills, 2, 
makes it possible to stop and restart at will without dis- 
mounting, either on level road or on the steepest hill, by 


Fig. 280.—The F. N. shaft drive. It is operated as follows: Bringing 
the hand lever at the top of the frame tube into central position or upright, 
gives the neutral position allowing engine to run free; by pulling the lever 
backward, the low gear is obtained; by pushing the lever forward the low 
gear is disengaged and the high gear is brought into action. Two brakes are 
incorporated in the transmission. 


means of the free engine, 3, to slow down or even come toa 
dead stop, if ‘‘pocketed”’ in a congested street, and 4, restart 
without pedaling. 

Ques. in operating a motor cycle, what should be done before 


starting? 


Ans. As a preliminary to starting: 1, the various parts 
of the machine should be carefully examined, 2, the gasoline 
tank and lubricating devices filled, 3, gasoline valve opened, 
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4, carburetter primed and throttle opened, 5, the exhaust 
valves raised, 6, ignition cut out plug inserted, 7, handle 
bar ignition switch opened, and 8, spark well advanced by 
means of the lever provided for the purpose. 


Ques. Describe the proper method of starting. 
Ans. In mounting the machine, the pedal on the left 
should be in the upper position. With right foot on the 


Figs. 281 and 282.—Illustrations showing the operation of a belt drive. 
‘The tension of the belt is regulated by the adjustable idler, the two cuts showing 
the ‘‘on” and ‘‘off”’ positions of the latter. ‘The location of the idler in close 
proximity to the pulley, causes it to be more fully embraced by the belt, in- 
creasing the traction area without unduly increasing the belt tension. 


ground, the machine standing, the rider straddles the saddle 
and starts the machine by pressure of the left foot on the 
raised pedal. ‘This method requires less effort than taking 
a running start or mounting by rear step. After sufficient 
momentum has been obtained, the handle bar ignition 
switch should be closed, and the exhaust valve lifter released. 
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Ques. What adjustments should be made while riding? 

Ans. As soon as the engine begins to operate, the spark 
should be retarded and adjusted together with the throttle 
to meet the speed requirements. 

On motor cycles, as a rule, the speed is varied chiefly by the 


spark position. The control of the machine, at slow speeds, is 
made more flexible bv the use of the handle bar ignition switch. 
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Fig. 283.—Emblem free engine pulley. The clutch block B is shown in 
idle or coasting position. ‘T'o connect the pulley D with the drive shaft or 
screw C the locking pin A is withdrawn from the slot F in the nut B permitting 
the nut B to shift over against clutch face G on pulley D and causing all parts 
to revolve together. To disconnect the pulley from the shaft or screw C the 
locking pin A is released or thrust inwardly by the coil spring H against the 
face of the nut B where it remains until the differential speed of the shaft and 
pulley cause the nut B to shift back into the intermediate position again at 
which position the slot F is in line with the projections I on locking pin A. 
To start the engine, the operator after pedaling withdraws locking pin A, per- 
mitting the nut B to engage with the clutch face J which cranks or starts the 
engine. As soon as the engine receives an impulse, nut B shifts over against 
clutch face G where it remains until such time as the speed of pulley D exceeds 
that of the shaft. The pulley and shaft are practically permanently connected 
until such time as the locking pin is thrust inwardly and engages in the slot F 
and urrests the nut B in the non-engaging position. 


PLATE — HAR- 
LEY - DAVIDSON 
TWO SPEED 
HUB, AND REAR 
WHEEL ASSEM- 
BLY SHOWING 
HUB, CLUTCH, 
BRAKE AND 
GEAR SHIFTING 
MECHANISM. 


The two speed 
hub operates 
through a_ shuttle 
shift mechanism 
controlled by a lever 
located on top of 
the tank. A roller 
bearing is used for 
the main hub bear- 
ing on the left side, 
and a ball thrust 
bearing to take the 
end thrust of the 
bevel gears. , 


PLATE—LEFT SIDE VIEW OF HARLEY-DAVIDSON CLUTCH AN 
TRANSMISSION UNIT, AND THREE SPEED TRANSMISSION CONTRC 
SHOWING INTERMEDIATE GEAR ENGAGED. 


The transmission is of the sliding gear type. The gear ratios are: low gear 8.75 to 1; inte 
mediate 5.83 to 1; high 3.89 to 1. The intermediate gear is intended to provide the rig 
ratio for “hard going’’ without “undue noise’ or over heating of the engine by racing. 
locking device makes it impossible to shift gears until the clutch is released, 
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Ques. What should be done in coasting down a hill? 

Ans. In descending a hill: 1, the ignition should be cut 
out with the handle bar switch, 2, throttle closed, and 3, 
exhaust valves lifted; the latter operation relieves the drag 
of the engine and admits fresh air to the cylinders, which 
has a tendency to keep the spark plug points clean and clear 
the cylinder of carbon deposits. 


RUBBER CUSHION 


feria 
GEAR 


D> 
VW 
NS Loa i 


ne 


= 


Meenas 
en a: 


as 

ae ne 
oi 
es, 


isles 
Comms 


Di 


So 
a 
a 
™m 
4 
> 
a 
m 
>) 
es 
Y Vo 


Fig. 284.—Minneapolis multiple dise friction clutch. A number of 514- 
inch fibre discs act between polished steel discs, giving about 80 square inches 
of clutch surface. When the clutch is set, the discs are pressed together by 
two dogs or levers, acting upon a shifting cone, the cone in turn being con- 
nected to a control kever on the handle bar by a piano wire enclosed in a closely 
coiled spring. 


Ques. What attention should be given to lubrication? 

Ans. In operating a motor cycle, it is important that the 
dubrication of the engine receive frequent attention—say every 
ten miles. ‘The crank case should receive sufficient oil that 
it may splash up against the piston and cylinder walls. 
Occasionally the crank case should be drained, washed out 
with gasoline, and a fresh supply of oil provided. 
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Ques. How should a stop be made? 

Ans. When it is desired to stop: 1, the ignition should 
be cut out by the handle bar switch, 2, exhaust valve lifted, 
and 3, brakes applied. 

Ques. What precaution should be taken when leaving the 
machine? 

Ans. The gasoline valve should be closed, and the 
ignition plug removed to prevent the battery becoming 
exhausted if the machine should stop with contact maker 
on the spark position. 
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ELECTRICS 


The term electric vehicle may be broadly applied to a 
great variety of either passenger or freight carrying machines 
which are propelled by electric energy supplied from either 
storage batteries or electric generators installed on the 
machines themselves. 

The principal types of electric vehicle which are commer: 


cially successful are: 

1. Electric automobiles, represented by various types of 
roadsters, coupés, phaetons, cabs, etc., suitable for the use of 
business men, physicians, and others, in city service. 

2. Heavy electric trucks and vans for moving merchandise. 


3. Gasoline-electric trucks, which represent an attempt to 
overcome the lack of flexibility of the internal combustion engine 
bycombining it with a direct current generator and storage battery. 


Answers Relating to Electric Vehicles 


Ques. What type of motor is used on electric vehicles? 

. Ans. ‘The form in general use is quite similar to railway 
motors, the overload capacity being quite large, as is neces- 
sary, to enable the vehicle to ascend steep grades, or nego- 


tiate heavy roads. 


Ques. What forms of drive used? 
Ans. ‘The chain, herring-bone gear, and shaft drive witt 
bevel, or worm gear. 
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Ques. Where is the motor usually hung? 

Ans. Above the springs, to protect it from the jars of 
travel. 

Ques. What are the general features of light electric vehicles? 

Ans. ‘hese are of various types, such as roadsters, 

victorias, runabouts and coupés, and are equipped with 
batteries which have a capacity ranging from 75 to 100 miles 
per charge, with controller arrangements for providing 
speeds varying from 6 to 26 miles per hour. In these cases, 


Fig. 286.—Chain and sprocket double reduction for heavy trucks. As 
here shown the motor is hung above the springs, missing the jars of travel. 


the number of cells may vary from 10 to 30, according to 
the make and number of plates in each cell. The number 
of plates in each cell varies from rz to 21, 


Ques. What may be said of electric trucks for city service? 

Ans. Under the conditions of traffic and street surface 
found in most large cities, the electric truck is quite satis- 
factory; the greater portion of city delivery is well within 
the limits of the safe operative mileage radius of the battery 
and the power sufficient for all ordinary demands, 
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Ques. What is a gasoline-electric vehicle? 

Ans. An electric vehicle which is fitted with a dynamo 
and gas engine for charging the storage battery. 

Ques. What is the object of this combination? 


Ans. To overcome the inherent defects of gasoline or 
electric vehicles. The principal disadvantage of a gasoline 
vehicle is its lack of flexibility; while, on the other hand 


Fig. 287.—The Babcock electric roadster. This car is provided with a 
battery of forty-two cells, which it is claimed, gives one hundred miles at 
seventeen miles per hour on one charge. The controller provides for five 
speeds forward and two reverse. The motor develops fifteen horse power, 
which will run the car over thirty miles per hour. 


the principal disadvantage of the electric vehicle operated 
by means of storage batteries is its lack of mobility. Hence, 
the shortcoming of each can be overcome by combining the 
two. 


Ques. What are the objections to this type? 


Ans. The arrangement involves considerable weight, 
complications and high first cost. 
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The term electricity is derived from the Greek word 
electron—amber. It was discovered more than 2,000 years 
ago that amber when rubbed with an ox’s tail possessed the 
curious property of attracting light bodies. It was dis- 
covered afterwards that this property could be produced in 
a dry steam jet py friction, and afterwards, that glass, 
sealing wax, etc., were also affected by rubbing, producing 
electricity. 


Answers Relating to Electricity 


Ques. What is electricity? 

Ans. The name given to an invisible agent known only 
by its effects and manifestations, as shown in electrical 
phenomena. 


Ques. Is there more than one kind of electricity? 

Ans. Electricity, no matter how produced, is believed 
to be one and the same thing. ‘The terms frictional elec- 
tricity, magneto electricity, etc., though convenient for 
distinguishing their origin, have no longer the significance 
formerly attributed to them as representing different kinds 
of electric force. 


Ques. How are the units of electricity expressed? 

Ans. ‘These are stated in terms of length, weight and 
time, which is to say in terms of centimeters, grams, and 
seconds, The units thus established are largely arbitrary, 
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but they have been carefully estimated, so that the pro- 
portions between current strength, circuit resistance and 
voltage may be accurately maintained. 


Ques. What is an ohm? 

Ans. ‘The unit of resistance. It is named for G. S. Ohm, 
the German scientist, and is equal to the resistance offered 
to an unvarying electric current by a column of mercury 
at 32° Fahr., 14.4521 grams in mass, of a constant cross 
sectional area, and of the length of 106.3 centimeters. 
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Fig. 288.—Western volt-ammeter of the type used on electrie vehicles. 
Other makes have the index scales side by side, instead of end to end. 


The ohm measures not only the relative resistance of a circuit 
composed of a conducting wire of a given length and diameter, 
as compared with wires of different lengths and diameters com- 
posed of the same material, but also the specific resistance, which 
refers to the variations in resistance found between given wires 
of the same length and cross section, made of different materials. 
The different resistivity of several different metals, as found in 
circuits of similar dimensions, is demonstrated by the fact that, 
while a unit wire of silver shows a conductivity of 100, and one of 
copper 99, a wire of iron gives only 16.80. 


Ques. What is an ampere? 


Ans. The unit of current. An ampere is the current 
produced py an electromotive force of one volt in a circuit 
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having a resistance of one ohm, it is that quantity of elec- 
tricity which will deposit .005084 gram of copper per second. 


Ques. What is a volt? 


Ans. ‘The unit of pressure or electromotive force. A 
volt is that electromotive force which can produce a current 
of one ampere on a circuit having a resistance of one ohm. 


There are several specified equivalents for estimating the 
exact value of one volt E. M. F., but these usually refer to the 
determined capacity of some given type of galvanic cell. It is 
sufficient to say, however, for ordinary purposes, the majority 
of commercial chemical cells are constructed to yield approxi- 
mately one volt. The ordinary Daniell cell used in telegraphy 
has a capacity of 1.08 volt, and the common type of Leclanche cell 
gives about 1.50. 


Ques. What are the mutual relations between the ampere, the 
volt and the ohm? a 
z bk] 


Ans. ‘The current in amperes equals thé pressure in 
volts divided by the resistance. 


Expressed as a formula: 


volts ° 
Amperes==— tance , or using the usual symbols 
E 
SEP Cinch IOI OF IGOO DCI OOD OM OASIS OK I 
2a ps (1) 


BS = CAR Greaves) ool ovetcieln alee ccnp min a cesaees Sango Gata ,2) 
ee 
R=& oie sd eleie.o Ciera alee a eieel ata er eral ore ere 8 Ore a sige e6 6 (3) 


If one volt will force one ampere of current through a cir- 
cuit having one ohm resistance, it will take five volts to force 
five amperes through the same circuit. If this resistance be in- 
creased to five ohms, it would take five times five amperes for 
the proper number of volts to force the amperes through, which 
would be twenty-five volts. From this it can be seen that it is 
easy to obtain any one of these quantities when the other two 
are known. 


384 AUDELS ANSWERS 


Ques. What is a watt? 
Ans. The unit of power. It is the rate of energy of one 
ampere of current under a pressure of one volt, and is approxi- 


mately equal to 3 horse power. 


The watt derives its name from James Watt, the English 
engineer, 
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Figs. 289 and 290.—Sectional diagrams illustrating the construction of 
volt meters and ammeters. The iron core is secured to the base plate by a 
screw, The active coil isshown wound around it from end to end. 


Ques. What is an electrical horse power? 
Ans. The electrical equivalent of 33,000 foot pounds 
per minute or 746 watts. 
To obtain the electrical horse power, as for instance the power 


developed by a motor, the product of the volts and amperes is 
divided by 746, that is 


? 


E.H.P __ volts x amperes 
; 746 es 
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? wears What is the general construction of volt meters and amme- 
ers! 


Ans. Electrical gauges for measuring volts and amperes 
are constructed on the principle of the D’Arsonval galvano- 
meter, with either a permanent or a variable field. ‘The 
general features are a small oscillating solenoid whose core 
is mounted on jeweled bearings, arranged like a dynamo 
armature between the poles of a permanent horseshoe 
magnet, with a hand or pointer pivoted at the bearing, so 


Fig. 291.—Index scales of a volt meter and ammeter for measuring the 


pressure and intensity of the current in a direct current electrical circuit. 


as to indicate on a graduated scale the variation in electrical 
conditions. A coiled steel spring attached at the base of 
the needle acts to restrain and control its movements, thus 
ensuring reliable indications of current strength or intensity. 


Ques. How are volt meters and ammeters arranged for auto- 
mobiles? 

Ans. ‘They are usually mounted on one base, with their 
graduated scale cards sufficiently near together to enable 
rapid reading of battery conditions. These instruments 
frequently have the scale traced on glass, so as to be 
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illuminated at night by an incandescent lamp placed behind 
it. ‘The voltmeter indicates the pressure between the bat- 
tery terminals, while the ammeter indicates the amount of 
current flowing. 


In running an electric vehicle, any overload that would likely 
damage the battery is indicated by the ammeter, when attempting 
to start with brakes set, or in beginning the ascent of a heavy grade 
from a standstill. The amount of power being consumed by the 
motor, is, of course, always the product of the volts by the amperes. 
Thus, with readings of 80 volts and 16 amperes, 1,280 watts, or 
about 1.7 horse power, are being constantly used. 

Although the voltmeter should always register between 1.75 
and 2.6 volts per cell, the former figure indicating the point of 
discharge—it may happen that an unusually heavy load will 
bring the needle temporarily below that point. Such indication 
does not of necessity mean that the battery is exhausted, as on 
coming upon a, better road, it will quickly resume its normal 
reading. 
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DYNAMOS AND MOTORS 


A dynamo is a machine for converting mechanica) 
energy into electric current; a motor transforms the electric 
current into mechanical energy. The dynamo generator and 
the electric motor are similar so far as the general features 
of their construction are concerned. In operation, however, 
the motor is the reverse of the dynamo, 


Answers Relating to Dynamos and Motors 


Ques. What are the essential parts of a dynamo or motor? 
Ans. ‘The field magnets, pole pieces, armature, com- 
mutator or collector, and brushes. 


Ques. What is the construction of the field magnets? 

Ans. ‘These are made like ordinary electromagnets, 
having two or any even number of opposed poles with their 
windings connected in series. 


Ques. What are the pole pieces? 
Ans. ‘The steel end portions of the field magnets. 


Ques. Describe the armature. 

Ans. ‘This consists of a metal core containing the shaft, 
and around which is a wire winding constructed to rotate 
near the poles of the field magnet. 
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Ques. Describe the commutator and brushes. 

Ans. A commutator consists of copper bars or segments 
arranged side by side, forming a cylinder, and insulated from 
each other by sheets of mica. The commutator is mounted 
upon the shaft at one end of the armature with which it 
rotates. ‘The conductors of the armature are so connected 
with the segments of the commutator that the current taken 
off by the brushes which bear upon the surface of the com- 


Fig. 292.—Diagram showing the operative condition of a dynamo generatoy 
ed electric motor, The machine on the left is the dynamo, that on the right 
t motor, 


mutator is direct, although the armature generates an 
alternating current. 


Ques. What is the office of the brushes? 

Ans. ‘They bear upon the commutator and make sliding 
contact with the commutator bars, thus establishing the 
working circuits, 


Ques. What type of motor is used on electric vehicles? 

Ans. The kind known as series wound; this type pos- 
sesses the valuable characteristic of automatically adjusting 
the consumption of power to the load. 
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Ques. How are shunt motors wound? 


Ans. The field coils are on a shunt between the lead 
terminals, 


Ques. How should the motor be operated on uneven roadway? 

Ans. In hill climbing one-third and even more of the 
extra energy consumed can be recovered by coasting down 
the other side with the controller set a notch or two below 
the coasting speed. 


While it is not necessary to be an electrician to operate 
an electrically driven vehicle, it is of great advantage to 
know what to do when certain troubles occur. 

If an attempt be made to start with a single motor 
equipment, provided with a battery connected in different 
ways for the various speeds, and the vehicle and ammeter 
do not respond, this indicates an open circuit, which may be 
at one of the following points: 

A. The battery contacts. They may be and often are so 
badiy corroded as to prevent the necessary metal to metal contact. 


B. The controller. A connection may be loose or the 


fingers may not make contact. 
The running plug may sometimes be out or not making 


proper contact. 

D. The motor brushes. May have dropped out or the 
tension may be so weak that they do not make contact. 

E. The emergency switch may be open. 

F. ‘The controller should be examined last. 

If the motor try to start, but the current is not sufficient, 
as shown by the ammeter, poor contact or weak battery may 
be suspected. Discharged battery will be indicated by a 
low voltmeter indication, but if the voltmeter indicate the 
normal amount, poor contact should be sought. Any con- 


tacts which are part of the electric circuit, such as binding 
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posts, brushes, switch jaws or controller fingers must be 
bright metal to metal contacts. If they be dirty or cor- 
roded the contact may be se bad that the flow of current is 
seriously reduced or interrupted altogether. 


Answers Relating to Motor Troubles 


Ques. What may be said respecting improper connections? 

Ans. Sometimes the absence of ampere indication and 
no motion of the vehicle point to improper connection of 
the batteries. This will be shown by heavy sparks at the 
controller. 


When the battery is not properly connected, the motion of the 
controller causes the sections of battery to exchange current 
between themselves at a ruinous rate. The terminals of the cells 
and those to which they should be connected ought to be plainly 
marked, or, better still, so constructed that it is impossible to go 
wrong. If the trouble just cited be the fact, one or more sets of 
‘terminals of the cells will be found to be connected to the wrong 
wires. 


Ques. If the vehicle fail to move, and the flow of current, as 
indicated by the ammeter, be considerable, what should be done? 

Ans. The current should be shut off at once, as serious 
damage may result if this be not done. It should then be 
ascertained if the brakes be on, the vehicle stalled or blocked, 
or if there be some obstacle between the gear teeth. 


Ques. What may be said of short circuits? 

Ans. If a large current be indicated, and the motor 
remain inert, the trouble is electrical, and the inference is 
that the current does not go through the motor at all. To 
confirm this, one of the motor brushes should be lifted, and 
the vehicle again tried. If the large current be still indicated, 
the inference of a short circuit becomes a certainty. 
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In locating a short circuit: 


1. The controller should be examined for: 


_ A. Foreign pieces of metal making contact between por- 
tions of the electrical circuit. 

B. Loose fingers which may make contact with wrong 
parts of the controller or with each other. 

C. Dirt between the fingers or contacts. 

D. Breaks in the insulation permitting the wires to make 
contact with adjacent metal or with each other. 


Fig. 293.—Diagram illustrating the action of voltaic induction between 
two circuits: the one including a source of electrical energy and a switch; the 
other including a galvanometer, but having no cell or other electrical source. 
The direction of the battery current in circuit 1 is indicated by the arrow: 
the arrow in circuit 2 shows the direction of the induced current, 


2. ‘The motor should be examined for: 


A. Broken insulation, allowing the bare wires to touch the 
frame or each other. 

B. Dirt between contacts or between live metal and the 
motor frame. 

C. Foreign materials bridging contacts. 

In such a case, it is sometimes of assistance to turn on the 
current for an instant. The defective place may be indicated by 
a smoke or spark. 


ee ee ee a ee eee ee 
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Ques. If, when a brush is lifted and the vehicle tried, the excessive 
current indication should disappear, what two electrical troubles are 
possible? 

Ans. The magnet coils of the motor may be short cir- 
cuited, or the ammeter may not be reading correctly. 

The latter trouble is least likely ; hence the former should 
be sought first. 


/ 


: Fig. 294.—Diagram illustrating the directions of the current in the field 
windings and the induced current, as found in magnets, solenoids and dynamo 
operation. 


Fig. 295.—Diagram of a dynamo electrical generator, arranged for produc- 
ing an alternating current, showing the constructional and operative features. 
Here N and § are the positive and negative poles ~f the field magnets, between 
which the lines of force are shown by the dotted lines. A is the armature 
spindle; B; and Bg, the brushes bearing on the ring drums; C, the coil or 
winding of the armature; E, the outside circuit to which the current is supplied. 
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_ Ques. What is the effect of a short circuited magnet coil of a 
series motor? 

Ans. ‘The motor will call for a large current but will do 
nothing with it. The magnet coils, therefore, should be 
examined for short circuits. 

Ques. May a short circuit exist without ammeter indication? 

Ans. Yes; a short circuit of this kind is usually found 
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Fig. 296.—Diafram of a single motor attached to rear axle through 
“herringbone” single reducing gears. A,is the left hand section of the divided 
rear axle; B, the right hand section of the rear axle; C, the brake drum; D, the 
spiral pinion on the motor shaft driving the worm gear, I, on the differential; 
E, plug for greasing gears; F, set screw for locking ball race; G, slot for wrench 
to adjust threaded ring, H, against ball bearings. 

although the vehicle does not move. ‘This combination of 
phenomena also indicates improper connection of the bat- 


teries. 


Ques. How is an excessive call for current indicated, other than 
by the ammeter? 
Ans. A heavy current is accompanied with a drop in 


the voltmeter reading. 


Ques. What may be said of two motor troubles? 
Ans. Most difficulties which arise differ but little from 


those encountered with a siagle motor. A few which are 
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peculiar to this type may be mentioned. Such motors are 
sometimes run in two ways. ‘The first notch connects the 
motors in series, while the higher speed notches connect the 
motors in parallel. If one of the motors open circuit on a 
series notch, the vehicle stops, for the entire motive circuit 
is broken. If it open circuit on a parallel notch, that motor 
stops and the other, with its circuit to the batteries intact, 
continues to run and may cause the vehicle to make some 
abrupt and unexpected turns. 

If the accident occur in a series notch, the unimpaired motor 
continues to run, and, it may be added, at nearly double its previous 
speed. Ifit occur on a parallel notch, a short circuit on one motor 
constitutes a short circuit on the other also, and if the short circuit 


be sufficiently severe both motors will stop, even though an enor- 
mous current may be drawn from the batteries. 


STORAGE BATTERIES 395 


STORAGE BATTERIES 


Storage batteries are devices for storing electric energy, 
which may be utilized subsequently for various purposes. 
The term accumulator is sometimes applied from the fact 
that they “accumulate”’ electric energy when charged from 
an outside source. Storage batteries are also called sec- 
ondary batteries to distinguish them from those of the 
primary type. 

Secondary batteries are in no sense generators of electricity, 
but are employed to accumulate a given quantity of electric 


energy, the quantity of which is estimated by the number of hours 
required to discharge it at a given rate. 


Answers Relating to Storage Batteries 


Ques. Describe the action of a storage cell. 

Ans. Gautherot discovered that if two plates of platinum 
or silver, immersed in a suitable electrolyte, be connected 
to the terminals of an active primary cell and current be 
allowed tc flow, a small current could be obtained on an 
outside circuit connecting these two electrodes, as soon as 
the primary battery had been disconnected. 


Ques. Explain the process in detail. 
Ans. An electrolyte, consisting of a weak solution of 
sulphuric acid, permits ready conduction of the current 


® 
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from the primary battery; the greater the proportion of 
acid within certain limits the smaller the resistance offered. 
The effect of the current passing through the electrolyte 
is to decompose the water; this is indicated by the forma- 
tion of bubbles upon the exposed surfaces of both electrode 
sheets, these bubbles being formed by oxygen gas on the 
plate connected to the positive pole of the primary bat- 
tery and hydrogen on the plate connected to the negative 
pole of the battery. Since, however, the oxygen is unable 
to attack either platinum or silver under such conditions, 
the capacity of such a device to act as an electrical accumu- 
lator is practically limited to the point at which both plates 
are covered with bubbles. After this point has been reached 
the gases will begin to escape into tae atmosphere. 


Ques. What is the prime condition for operation in the simpler 
apparatus just described? 


Ans. ‘The resistance of the electrolyte should be as low 
as possible in order that the current may pass freely and 
with full effect between the electrodes. If the resistance 
of the electrolyte be too small, the current intensity will 
cause the water to boil rather than to cause the electrolytic 
effects noted above. 


Ques. What happens when the charging current is discontinued, 
and the two electrodes joined by an outside wire? 


Ans. A small current will flow as a result of the recom- 
position of the acid and water solution. ‘The process is in 
a very definite sense a reversal of that by which the current 
is generated in a primary ceil. Hydrogen collected upon 
the negative plate, which was the cathode, so long as the 
primary battery was in circuit, is given off to the liquid 
immediately surrounding it, uniting with its particles of 
oxygen and causing the hydrogen in combination with 
them to unite with the particles of oxygen next adjacent, 
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continuing the process until the opposite positive plate is 
reached when the oxygen collected there is finally combined 
with the surplus hydrogen, going to it from the surrounding 
solution. 


This chemical process causes the current to emerge from the 
positive plate, which was the anode, so long as the primary battery 
was in the circuit. The current thus produced will continue until 
the recomposition of the gases is complete, then ceasing because 
these gases, as before stated, do not combine with the metal of 
the electrodes. 


Fig. 297.—‘‘Unformed’’ plate of one pattern of Gould storage cell. The 
particular plate shown has total outside dimensions of 6x6 inches, The clear 
outline of the grooves indicates absence of oxides, due to action of ‘‘forming ’ so- 
lutions, or charging current. 

Ques. What material is used for the plates? 

Ans. Batteries are manufactured with plates made of 
iron and nickel, lead and zinc, and lead and lead, the latter 
being extensively used. The choice of material depends 


largely upon the service required of the battery. 


ee > 
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In lead batteries, the negative plates are made of sponge lead 
which has a light gray color and is very soft. _ The positive plates 
are of peroxide of lead, being dull chocolate in color and hard in 
texture. 


Ques. Name two classes of storage battery. 


Ans. ‘The Plante, and the Faure. 


Ques. What feature distinguishes the two types? 
Ans. The difference is principally in the method of 


constructing the plates. 


Fig. 298.—One plate or “grid” of a type of storage cel! constructed by 
inserting buttons or ribbons of the proper chemical substances in perforations, 
Some such cells use crimped ribbons of metallic lead for inserting in the per- 
forations, others pure red lead or other suitable material. 


Ques. Describe the Plante type. 

Ans. In the Plante type the lead is chemically attacked 
and finally converted into lead peroxide, probably after 
it has gone through several intermediate changes. ‘The 
plates are all formed as positive plates first and then all that 
are intended for negative plates are reversed, the peroxide 
being changed into sponge lead. 


AN 
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Ques. What is done to make the Plante plate more efficient? 

Ans. The surfaces are finely subdivided, the following 
methods being those most. common: scoring, grooving, 
casting, laminating, pressing and by the use of a lead wool. 


Ques. Describe the Faure or pasted type. 

Ans. This form of plate is constructed by attaching the 
active material by some mechanical means to the grid 
proper. The active material first used for this purpose was 
red lead, which was reduced in a short time to lead peroxide 
when connected as the positive or anode, or to spongy 
metallic lead when connected as the cathode or negative, 
thus forming plates of the same chemical compound ag 
in the Plante type. 


The materials used at the present time by the manufacturers 
for making this paste are largely a secret with them, but in general 
they consist of pulverized lead or lead oxide mixed with some 
liquid to make a paste. 

Ques. Howdo Faure plates compare with those of the Plante type? 


Ans. ‘They are usually lighter and have a higher capacity, 
but have a tendency to shed the material from the grid, 


thus making the battery useless. 


Many ways have been tried for mechanically holding the active 
material on the grid, the general method involving a special design 
in the shape of the grid. Some of these designs are: 1, solid per- 
forated sheets of lattice work, 2, corrugated and solid recess plates 
not perforated, 3, ribbed plates with projecting portions, 4, grid 
cast around active material, 5, lead envelopes, and 6, triangular 
troughs as horizontal ribs. 


Answers Relating to the Electrolyte 


Ques. What solution is generally used for the electrolyte of a 
storage battery? 


Ans. it usually consists of one part of chemically pure 
concentrated sulphuric acid mixed with several parts of 
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water. The proportion of water differs with the several 
types of cell from three to eight parts, as specified in the 
directions accompanying the cells. 


Ques. What test is necessary in preparing the electrolyte? 

Ans. In mixing the water and acid, the hydrometer 
should be used to test the specific gravity* of both the acid 
and the solution. The most suitable acid should show a 
specific gravity of about 1.760 or 66° Beaumé. 


Fig. 299.—The Exide storage cell. ‘The positive and negative plates are 
separated by thin sheets of perforated hard rubber, placed on both sides of 
each positive plate. ‘The electrolyte and plates are contained in a hard rubber 
jar. 

Fig. 300.—An Exide battery of five cells. _ The box which holds the cells is 
usually made of oak, properly reinforced, with the wood treated to render it 
acid proof. ‘The terminals, as shown, consist of metal castings attached to the 
side of the box and plainly marked. 


*Note.—Specific gravity is the weight of a given substance relative tc 
an equal bulk of some other stuubstance which is taken as a standard of compari- 
son. Water is the standard for liquids. In the laboratory the specific gravity 
bolile is often used in determining the specific gravity of a liquid. The capacity 
of the bottle is 1,000 grains of pure water. When it is filled with spirits of 
wine and weighed in a balance (together with a counterpoise for the weight 
of the bottle, which of course is constant), it will weigh considerably less than 
1,000 grains; in fact, the bottle will contain only about 917 grains of proof 
spirit; therefore, taking the specific gravity of water as unity, 1 or 1.000, the 
specific gravity of spirits of wine is 0.917. If, on the other hand, the bottle 
be filled with sulphuric acid, it will weigh about 1,850 grains; hence, the specific 
gravity of sulphuric acid is said to be 1.850. A more convenient method for 
the automobilist is by the use of the hydrometer. 
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Ques. How should the water and acid be mixed? 

Ans. ‘The mixture should be made by pouring the acid 
slowly into the water, never the reverse. As cannot be too 
strongly stated, it is very dangerous to pour the water into ° 
the acid; the latter is corrosive and will painfully burn 
the flesh. 


Distilled or rain water should be used in preparing the elec- 
trolyte. When made, the solution should be allowed to cool for 
several hours or until its temperature is approximately that of the 
atmosphere (60° being the average). At this point it should have a 
specific gravity of about 1.200 or 25° Beaumé. If the hydrometer 
show a higher reading, water may be added until the correct read- 
ing is obtained; if a lower reading, dilute acid may be added with 
similar intent. 

The electrolyte should never be mixed in jars containing the 
battery plates, but preferably in stone crocks, specially prepared 
for the purpose. Furthermore, it should never be placed in the 
cell until perfectly cool. 1 


Answers Relating to Charging 


Ques. What precautions should be taken in charging? 

Ans. The connections with the generator should be 
properly arranged that is, the positive pole of the generator 
should be invariably connected to the positive pole of the 
secondary battery, which is to say, the pole which is positive 
in action when the current is emerging from the secondary 
battery or the pole that is connected to the positive plates. 
An error in making the connections will result in entire 
derangement of the battery and its ultimate destruction. 

Ques. How should a battery be charged for the first time? ; 

Ans. It is essential that the current be allowed to enter 
at the positive pole at about one-half the usual charging 
rate prescribed; but after making sure that all necessary 
conditions have been fulfilled, it is possible to raise the 
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rate to that prescribed by the manufacturers of the partic- 
ular battery. 


Ques. What portable instruments should be provided for testing 
batteries? 


Ans. 1, a hydrometer syringe (specific gravity tester) 
2, an acid testing set (can be used instead of the syringe), 
3, a low reading voltmeter, 4, suitable prods, and 5, a 
thermometer. 

Ques. What is the usual period for charging a new battery? 

Ans. With several of the best known makes of storage 
battery, the prescribed period for the first charge varies 
between twenty and thirty hours. 


HYDROMETER 
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‘BEAUME AND) | Figs. 301 to 3083.—Acid hydrometers for liquids 
Se ae heavier than water. Fig. 301, standard storage bat- 
PALS tery hydrometer with guiding points designed for 
“hy drometer syringe,’”’ shot bulb, with red line at 25 ~ 
Beaumé, 5inches long, double scale 10 to 40 Beaumé, 
1.050 to 1.400 specific gravity. Fig. 302, plain hy- 
drometer with shot bulb, 5 inches long, double scale 
10 to 40 Beaumé, 1.050 to 1.400 specific gravity. 
Fig. 308, hydrometer with small flat bulb, used in, 
car lighting batteries, shot bulb 44 inches long, sin- 
gle scale, reading from 1.100 to 1.250 specific grav 
ity. At the right is shown a jar for hydroxneters. 
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At the first charging of a cell, when the pressure has reached 
the required limit, the cell should be discharged until the voltage 
has fallen to about two-thirds normal pressure, when the cell 
should again be recharged to the normal voltage (2.5 or 2.6 volts). 

The manufacturers of a well known cell of the Plante genus 
prescribe for the first charge, half rate for four hours, after which 
the current may be increased to the normal power and continued 
for twenty hours successively. : 


Ques. What strength of current should be used in charging a cell? 


Ans. It should be in proportion to the ampere hour 
capacity of the cell. 


Thus, as given by several manufacturers and other author- 
ities, the normal charging rate for a cell of 40 ampere hours 
should be five amperes; or one-eighth of its ampere hour rating 
in amperes of charging current. 


Ques What should be the voltage of the charging current before 
closing the charging circuit? 


Ans. ‘The voltage should be at least ten per cent. higher 
than the normal voltage of the battery when charged. 


Ques. What indicates the completion of a charge? 

Ans. When a cell is fully charged the electrolyte appar- 
ently boils and gives off gas freely. ‘The completion of a 
charge may also be determined by the voltmeter, which 
will show whether the normal pressure has been attained. 


Ques. How should the voltage be regulated during the first charge? 

Ans. It should be allowed to rise somewhat above the 
point of normal pressure. 

Ques. How often should a battery be charged? 

Ans. At least once in two weeks, even if the use be only 
slight in proportion to the output capacity. 


In charging a storage battery, it is essential to remember the 
fact that the normal charging rate is in proportion to the voltage 
of the battery itself. 

Thus, a 100 ampere-hour battery, charged from a 110 volt 
circuit at the rate of ten amperes per hour, would require ten 
hours to charge, and would consume in that time an amount of 
electrical energy represented by the product of 110 (voltage) by 
10 (amperes) which would give 1,100 watts. 
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Ques. What precaution should be taken in charging a battery? 
Ans. Care should be taken not to have a naked flame 
anywhere in its vicinity. 


To either charge or discharge a battery at too rapid a rate 
involves the generation of heat. Thus, while this is not liable to 
result in a flame under usual conditions, the battery may take 
fire, if it be improperly connected or improperly used. 


Ques. How is the electrolyte aftected by the first charge? 

Ans. <A change of specific gravity occurs. The specific 
gravity should be about 1.200 when the solution is first 
poured into the cells. 


At the completion of the first charge, it should, on the same 
scale, be about 1.225. If it be higher than this, water should be 
added to the solution until the proper figure is reached, if it be 
lower, dilute sulphuric acid should be added until the hydrometer 
registers 1.225. 


Ques. What is the effect of varying the charging current? 

Ans. In charging a storage cell, particularly for the 
first time, a weaker current than that specified may be used 
with the same result, provided the prescribed duration of 
the charge be proportionally lengthened. The battery may 
also be occasionally charged beyond the prescribed voltage, 
ten or twenty per cent. overcharge effecting no injury, al- 
though, if frequently repeated, it shortens the life of the 
battery. 


Ques. What are the charge indications? 

Ans. ‘The state of the charge is not only indicated by 
the density of the electrolyte and the voltage of the cell, but 
also by the color of the plates, which is considered by many 
authorities as one of the best tests for ascertaining the 
condition of a battery. 


Ques. What are the colors of the plates? 


Ans. In the case of formed plates, and before the first 
charging, the positives are of a dark brown color with whitish 
ot reddish gray spots and the negatives are of a yellowish 
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gray. The whitish or reddish gray spots on the positive 
plates are small particles of lead sulphate which have not 
been reduced to lead peroxide during the process of forming, 
and represent imperfect sulphation. 

As a general rule, the first charging should be carried on until 
these spots completely disappear. After this the positive plates 
should be of a dark red or chocolate color at the end of the dis- 
charge, and of a wet slate or nearly black color when fully charged. 
A very small discharge is sufficient, however, to change them from 
black to the dark red or chocolate color. 

If the battery has been discharged to a potential lower than 
1.8 volts, the white sulphate deposits will reappear, turning the 
dark red color to a grayish tint in patches or all over the face of 
the plate, or in the form of scales of a venetian red color. 

The formation of these scales while charging indicates that 
the maximum charging current is too large and should be reduced 
until the-scales or white deposits fall off or disappear, after which 
the current can be increased again. 

During charging, the yellowish gray color of the negatives 
changes to a pale slate color which grows slightly darker at the 
completion of the charge. The color of the negatives always 
remains, however, much lighter than that of the positives. 

Ques. How is the discharge capacity of a storage battery stated? 

Ans. Inampere hours. This, unless otherwise specified, 
refers to its output of current at the eight hour rate. Most 
manufacturers of automobile batteries specify only the 
amperage of the discharge at three and four hours. Thus, 
at the eight hour rate, a cell which will discharge at ten 
amperes for eight hours is said to have a capacity of eighty 
ampere hours. It does not follow that eighty amperes 
would be secured if the cell were discharged in one hour, 
It is safe to say that not more than forty amperes would 


be the result with this rapid discharge. 

Ques. How does the capacity decrease? 

Ans. The ampere hour capacity decreases with the 
increase in current output. 


An 80 ampere-hour cell, capable of delivering 10 amperes for 
8 hours, would, when discharged at 14 amperes, have a capacity 
of 7o ampere hours; when discharged at 20, its capacity would be 
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60; and when discharged at 40, its capacity will have decreased 
from 80 to 40 ampere hours. 


Ques. What, in yeneral, is the indication of the quantity of 
electricity remaining within a cell? 


Ans. ‘The voltage. 

Ques. What should be noted by the operator in driving a car? 

Ans. He should bear in mind the figures supplied by 
the manufacturers of the type of battery he uses, in order 
to judge: 1, how long the charge will last, and 2, whether 
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Figs. 304 and 305. Switchboard and motor generator circuit connections 
for charging a battery from direct current mains, 


he is exceeding the normal rate of discharge, and thus con- 
tributing to the unnecessary waste of his battery and incur- 
ring other dangers that may involve unnecessary expense. 


As a general rule, the one hour discharge rate is four times 
that of the normal, or eight hour discharge, and considerations 
of economy and prudence suggest that it should never be exceeded, 
if, indeed, it be ever employed. ~The three hour discharge, which 
is normally twice that of the eight hour, is usually the highest 
that is prudent, while the four hour discharge is the one most 
often employed for the average high speed riding; batteries give 
only the three and four hour discharge rates in specifying the 
capacity of their products. 
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oe What may be said of charging a battery as quickly as 
possible. 


Ans. As a general rule, such a procedure should not 
be adopted unless the battery be thoroughly discharged. 


Ques. What precaution should be taken? 
Ans. The danger to be avoided in rapidly charging a 
cell is its tendency to heat. 
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Figs. 306 and 307.—Switchboard and motor generator circuit connections 
for charging a battery from alternating current mains. The connections of a 
third wire are shown, for use in case a three phase circuit is available. 
t 


“4 

A battery should never be charged at a high rate unless it 
be completely exhausted, since it is a fact that the rate of charge 
that it will absorb is dependent upon the amount of energy already 


absorbed. 

Ques. What apparatus is necessary in charging a battery? 

Ans. ‘The battery may be charged from direct current 
mains having the proper voltage. A current as near uniform 
as possible is required, and existing conditions must be met 
in each separate case, it is the rule to use a motor generator 
set with a regulating switchboard. Such an apparatus 
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consists of a direct current dynamo, driven direct from the 

shaft of a motor, which, in turn, is energized by current 
from the line circuit. 

With a direct current on the line, a direct current generator 

may be used; but with an alternating current an induction motor 


is required. The speed of the motor is governed by a rheostat, 
and the output of the dynamo is thus regulated as desired. 


Ques. How may a battery be charged through the night without 
an attendant being present? 


Ans. The charging may take place without any atten 
tion, if careful estimate of the amount of current required 
be made, and the rate of charge based on this estimate. 

If, say, 72 ampere hours be required to recharge, and the time 


available is nine hours, the average rate of charge must be 8 
amperes. 


Assuming a 110 volt circuit, the rate at the start should be 
about 10 amperes; if from a 500 volt circuit, about 9 amperes; 
as, in charging from a source with constant voltage, such as a 
lighting or trolley circuit, the rate into the battery will fall as the 
charge progresses. This also applies if the charging be done, 
without attendance, from a mercury arc rectifier, 


Ques. What precautions should be taken in charging a battery 
out of a vehicle? 


Ans. When a battery is being overhauled, or out for 
cleaning, if charged before replacement in the vehicle, the 
cells must be connected together in series and to the charging 
source in relatively the same manner a if they were in the 
vehicle; that is, the positive (+) terininal of one group of 
cells must be connected to the negative (—) terminal of the 
next group, and the two free terminals, one positive and 
the other negative, must be connected respectively to the 
positive and negative terminals of the charging circuit, but 
not until all of the groups have been connected in series. 
Great care must always be taken to have the polarities correct 
and the wire or cable for the connections of ample size to 
carry, without heating, the heaviest current used in charging, 
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The size used in the vehicle will be proper. The operation 
of charging is then carried on in the same manner as if the 
battery were in the vehicle. 


Answers Relating to Battery Troubles, Care and 
Maintainance 


Ques. How is short circuiting within a battery caused? 

Ans. It may be caused by some of the active material 
(if the cell be of the pasted variety) scaling off and dropping 
between the plates, or by an over collection of sediment in 
the bottom of the cell. 


Ques. How is short circuiting detected? 


Ans. A short circuited cell is indicated by the marked 
difference in color of the plates or of the specific gravity of the 
electrolyte, as compared with the other cells. 


If a foreign substance has become lodged between the plates, 
it may be removed by a wood or glass instrument. 


If some of the active material has scaled off it may be forced 
down to the bottom of the jar. If excessive sediment be found, 
the jar and plates should be washed carefully, and re-assembled. 


A cell that has been short circuited may be disconnected from 
the battery and charged and discharged several times separately, 
which may remedy the trouble. 

No particular damage will be caused if the trouble be dis- 
covered and removed before these symptoms become too marked. 


Ques. How should batteries be treated, when used but occasion- 
ally? 


Ans. If a battery is not to be used for several days, it 
should first be fully charged before standing; if it continue 
idle, a freshening charge should be given every two weeks, 
continuing the charge when the cells begia to gas freely. 
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Ques. What action takes place when a battery stands idle for 
some time? 


Ans. It loses part of its charge, due to local losses in 
the cells. 


Ques.’ What should be done in case of lack of capacity? 
Ans. If the current consumption, as shown by the meter, 
be greater than normal, the vehicle is running “hard,’”’ and 


Fig. 308.—One cell of the Gould storage battery for electric vehicle use. 
According to the data given by the manufacturers, this cell, containing four 
negative and three positive plates, has a normal charging rate of 27 amperes; 
a distance rate of 22 amperes for four hours; a capacity of 81 ampere-hours 
at 3 hours discharge, and of 90 ampere-hours at 4 hours discharge. Forty 
such cells are generally used for an average light vehicle battery. 


it should be overhauled. If, however, the current con- 
sumption be normal, there may be poor connections or 
trouble in the battery; there may be a dry cell, due to a 


leaking jar; some or all of the cells may be in a state of 
incomplete charge, due to the battery having been run too 
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low and not sufficiently charged, or the plates may be short 
circuited, either by the sediment (deposit in the bottom of 
the jar) getting up to the bottom of the plates or by some- 
thing that has fallen into the cell. 


Ques. How are internal short circuits indicated? 


Ans. Short circuits in a cell are indicated by short 
capacity, low voltage and low specific gravity, excessive 
heating and evaporation of the electrolyte. 


Ques. How are internal short circuits located? 


Ans. If the trouble cannot be located by the eye, the 
battery should be connected in series and discharged at 
the normal rate through suitable resistance. If a suitable 
rheostat be not available, a water resistance may be used. 


This consists of a receptacle (which must not be of metal) 
filled with very weak acid solution, or with salt water in which 
are suspended two metal plates, which are connected by wires 
through an ammeter. The current may be regulated by altering 
the distance between the plates, or by varying the strength of 
the solution. As the discharge progresses, the voltage will grad- 
ually decrease, and it should be frequently read at the battery 
terminals; as soon as it shows a sudden drop, the voltage of each 
cell should be read with a low reading voltmeter. 

While the readings are being taken, the discharge rate should 
be kept constant and the discharge continued until the majority 
of the cells read 1.70 volts; those reading less should be noted. 
The discharge should be followed by a charge urtil the cells which 
read 1.70 volts are up, then the low cells should be cut out, exam- 
ined, and the trouble remedied. 


Ques. What causes low specific gravity when there are no short 
circuits? 

Ans. 1, sloppage or a leaky jar (the loss having been 
replaced with water alone), 2, insufficient charge, 3, over 
discharge, or 4, a combination of these: abuses. Any. of 
these mean that there is acid in combination with the plates, 
which should be brought out into the electrolyte by a long 
charge at a quarter of the normal discharge rate. 
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Ques. How should the low cells be treated? 


Ans. ‘They should be grouped by themselves and charged 
as a separate battery, care being taken that the positive 
strap of one cell, is connected to the negative strap of the 
adjoining cell and that the charging connections are properly 
made. If there be not sufficient resistance in the charging 
rheostat to reduce the current to the proper point, a water 
resistance should be used. 

While a cell is being treated, when possible, the cover should 


be removed (if sealed, the compound can be loosened by using a 
hot putty knife). 


Ques. How should cells be disconnected? 


Ans. ‘The best method of disconnecting cells assembled 
with pillar straps, for the purpose of replacing broken jars, 
cleaning or taking out of commission, is to use a five-eighth 
inch twist drill, in a carpenter’s brace, boring down into the 
top of the pillar about one-quarter inch; the connector 
sleeve is then pulled from the pillar. By following this 
method, all parts may be used again. 


When cells are equipped with top straps, the straps should 
be cut with a sharp knife or chisel midway between the cells, 


Ques. When should a battery be taken out of commission? 


Ans. When it is to be out of service for several months, 
and it is not convenient to give it the freshening charge 
every two weeks. 


Ques. Describe the method of taking a battery out of commission. 

Ans. ‘The battery is charged in the usual manner, until 
the specific gravity of the electrolyte of every cell has 
stopped rising over a period of one hour (if there be any low 
cells, due to short circuits or other cause, they should be 
put in condition before the charge is started, so that they 
will receive the full benefit of it). The cells may now be 
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disconnected and covers and elements removed from the 
jars, (if sealed, the compound is loosened with a hot putty 
knife). The elements are placed on their sides with the plates 
slightly spread apart at the bottom, the separators withdrawn, 
and the positive and negative groups pulled apart. ‘The 


Fig. 309.—Plates of Edison storage battery. The positive or nickei plate 
consists of one or more perforated steel tubes, heavily nicke) plated, filled with 
alternate layers of nickel hydroxide and pure metallic nickel in excessively thin 
flakes. The tube is drawn from a perforated ribbon of steel, nickel plated, and 
has a spiral lapped seam. This tube after being filled with active material is 
= reinforced with eight steel bands, equidistant apart, which prevent the tube ex- 
- panding away from and breaking contact with its contents. The tubes are 
: flanged at both ends and held in perfect contact with a steel supporting frame or 

grid made of cold rolled steel, nickel plated. The negative or iron plate consists 
of a grid of cold rolled steel, nickel plated, holding a number of rectangular 
pockets filled with powdered iron oxide. These pockets are made up of very 
finely perforated steel, nickel plated. After the pockets are filled they are in- 
serted in the grid and subjected to great pressure between dies which corrugate 
the surface of pockets and force them into practically integral contact with 


the grid. 
electrolyte is washed off with a gentle stream of water and 
the plates allowed to'drain and dry. ‘The positive plates are 
ready tobeputaway. Whendry, the negativesare completely 
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immersed in electrolyte (of about 1.275 specific gravity), 
and allowed to soak for three or four hours. The jars may 
be used for this purpose. After rinsing and drying, they 
are ready to be put away; wash also the rubber separators. 


Wood separators, after having been in service, will not stand 
much handling and had better be thrown away. If it be thought 
worth while to keep them, they must be immersed in water or 
weak electrolyte, and in reassembling, the electrolyte must be 


| 
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Fig. 310.—Complete element with insulators of Edison storage battery. 
After the plates are assembled into a complete element, narrow strips of treated 
hard rubber are inserted between the plates, thereby separating and insulating 
them from each other. The side insulator is provided with grooves that take the 
edges of the plates, thereby performing the dual function of separating the plates 
and insulating the complete element from the steel container. At the ends of the 
element, that is between the outside negative plates and container, are inserted 
smooth sheets of hard rubber. At the bottom, the element rests upon a hard 
rubber rack or bridge, insulating the plates from the bottom of container, 


put into the cells immediately, as wet wood separators must not 
stand exposed to the air, 


Ques. What precaution should be taken with the jars? 
Ans. ‘They should be thoroughly cleaned with fresh 
water, no sediment being allowed to remain. 
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Ques. How should a battery 5e put in commission? 

Ans. It should be treated in the same manner asifit were 
new, and the regular instructions for assembling and put- 
ting into commission a new battery followed. 


1. A battery must always be charged with “direct’”’ current 
and in the right direction. 


Fig. 311.—Cell of Edison storage battery. The jar or container is of nickel 
plated sheet steel with welded seams; the walls are corrugated to give strength. 
The cell cover of sheet steel has four mountings, two being pockets to contain 
stuffing boxes about the terminal posts. One of -he other two is a separator 
which separates spray from the escaping gas while the battery is charging. The 
fourth mounting is fcr filling with electrolyte. The electrolyte consists of a 21% 
solution of potash in distilled water with a small per cent of lithia. The density 
of the electrolyte does not change on charge or discharge. 


2: Care should be taken to charge at the proper rates and to 
give the right amount of charge, the battery should not be under- 


charged or overcharged to an excessive degree. f 
3. A naked flame should not be brought near the battery while 


charging or immediately afterwards. ‘ 
4. The battery should not be allowed to overdischarge, or 


to stand completely discharged. 
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5. Voltage readings should be taken only when the battery is 
charging or discharging; if taken when the battery is standing 
idle they are of little or no value. 

6. The battery temperature should not exceed 110° Fahr. 

7. The electrolyte should be kept at the proper height above 
the top of the plates and at the proper specific gravity. Only 
pure water should be used to replace evaporation. In preparing 
the electrolyte, water should never be poured into the acid. 

8. The cells should be kept free from dirt and all foreign 
substances both solid and liquid. 

g. The battery and all connections should be kept clean and 
all bolted connections tight. 

10. If there be lack of capacity in a battery, due to low cells, 
there should be no delay in locating and bringing them back to 
condition. , 

11. Sediment should not be allowed to get to the plates. 


Ques. What is a mercury arc rectifier? 


Ans. A device for converting alternating current into 
direct current for use in charging storage batteries. 


Ques. Describe the construction and operation of a mercury arc 
rectifier, 

Ans, Fig. 312 is an elementary diagram of connections. 
The rectifier tube is an exhausted glass vessel in which are 
two graphite anodes A, A’, and one mercury cathode B. 
The small starting electrode C is connected to one side of 
the alternating circuit, through resistance; and by rocking 
the tube a slight arc is formed, which starts the operation 
of the rectifier tube. At the instant the terminal EF of the 

Nore.—The Edison storage battery is manufactured in five sizes; all are 


identical in electrical characteristics, and differ only in the number and size of 
plates and capacity, as follows: 


VDGr5 hh res Pitc alapiet- orm: ei susni ate ies Grater B-2 B-4 A—4 A-6 A-8 
Normal Ampere-Hour Output.... 40 80 150 225 300 
Average discharge voltage, per cell 1.2 142 de i Bee l.2 
Rate of charge, in amperes, for 

SEVEm HOULSA cum alten tere aatee 7s 15 30 45 60 
Normal rate of discharge, amperes 74 15 30 45 60 
Wear in pounds, of cell com- 

plete hice Ce es OO ee ie eS 4 7 13 194 5} 
Average weight in lbs., per cell, : $ > ant 

assembled in tray. wor. gc ease 44 74 144 20 26 
apy Ase ropes length— 

(2 eee Ome att ok te 6 72 10 12} 

Required height of battery com- 8 y re 

partment... cavonurdis curegiee eet 8}? 83” 15” a5” 15” 


All trays are 674 inches wide. 
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supply transformer is positive, the anode A is then positive, 
and the arc is free to flow between Aand B. Following the 
direction of the arrow still further, the current passes 
through the battery J, through one-half of the main react- 
ance coil E, and back to the negative terminal G of the 
transformer. When the impressed E. M. F. falls below a 
value sufficient to maintain the arc against the counter 
E. M. F. of the are and load, the reactance E, which hereto 


Tonsformer~ 


A.C.Sygely 


Fig. 312.—Elementary diagram of mercury arc rectifier connections. A, A’, 
graphite anodes; B, mercury cathode; C, small starting electrode; D, battery 
connection; E and F, reactance coils; G and H, transformer terminals; J, battery. 


fore has been charging, now discharges, the discharge cur- 
rent being in the same direction as formerly. This serves 
to maintain the are in the rectifier tube until the E. M. F. 
of the supply has passed through zero, reversed, and built 
up such a value as to cause the anode A to have a suf- 
ficiently positive value to start the arc between it and the 
eathode B. The discharge circuit of the reactance coil E is 
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now through the arc A’B instead of through its former cir- 


‘cuit. Consequently the arc A’B is now supplied with cur- 


rent, partly from the transformer, and partly from the 
reactance coil E. The new circuit from the transformer is 
indicated by the arrows enclosed in circles. 


Ques. How is a mercury arc rectifier started? 
Ans. A rectifier outfit with its starting devices, etc., is 


shown in fig. 313. To start the rectifier, close in order 
named. line switch and circuit breaker; hold the starting 


Anode Swvitcs 
Starting Smitch 
Line Switch 
Rien 

aI Dla! Site? 


Regulating 
b| Compersatar 


Fig. 313.—Mercury arc rectifier outfit, or charging set. The cut shows front, 
rear, and side views of the rectifier, illustrating the arrangement on a panel, of the 
rectifier tube with its connection and operating devices. 


switch in opposite position from normal; rock the tube 
gently by rectifier shaker. When the tube starts, as shown 
by greenish blue light, release starting switch and see that 
it goes back to normal position. Adjust the charging cur- 
rent by means of fine regulation switch on the left; or, if 
not sufficient, by one button of coarse regulation switch on 


_the right. The regulating switch may have to be adjusted 


occasionally during charge, if it be desired to maintain 
charging amperes approximately constant. 
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METHODS OF CIRCUIT CHANGING 


The methods employed to vary the speed and power 
output of an electric vehicle motor consist briefly in such 
variation of the electric circuits as will modify the pressure 
of the batteries on the one hand, and the operative efficiency 
of the motors on the other. 

With respect to the circuit arrangements, one general 
principle may be laid down, which is, that a connection 
of a number of cells in series involves an increase in the 
pressure of the battery which is equal to the sum of the 
individual voltages. Connecting a number of cells in parallel 
or multiple has the effect of producing a pressure only 
equal to the voltage of one of the units. 

Thus, if four cells of 10 volts each be connected in series, 
the pressure is equal to 4o volts. If, however, they be connected 
in parallel or multiple, the pressure is equivalent to but 10 volts, 


but four times the amount of current is available as in the former 
case. 


Answers Relating to Methods of Circuit 
Changing 


Ques. What is the general arrangement of the battery, motor, 
and accessories? 


Ans. ‘The cells comprising the storage battery are so 
arranged as to form a number of units, being so wired that 
by the use of a form of switch known as a controller the 
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connections may be varied from series to multiple, or the 
reverse, as desired. The same arrangement for varying 
the circuit connections is used for the field windings. 


The wiring diagrams, figs. 314 to 316, show one arrangement. 
The dotted lines on each figure indicate the circuits that are cut 
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Figs. 314 to 316.—Diagrams of the circuit changing arrangements of a 
typical electrical vehicle. The full lines in these diagrams indicate the closed 
or active circuits; the dotted lines the open, or inactive circuits. As may be 
readily understood, the whole scheme of the circuit changing depends on 
employing several different circuit connections between battery and motor, 
which may be opened and closed, as desired. Here A and C are the lead wires 
between battery, L, and motor brushes, FF and GG, and the field windings 
H avd J, and the wire, D. 


out, or open, and the full lines, those that are active or closed. 
The upper figure shows first speed; two units of the battery B are 
connected in multiple, which means that the voltage is reduced 
to the lowest point. The wire, C, connected to the bridge between 
the positive poles of the battery, leads the current to the field 
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windings, H and J, which, in this figure, are connected in series- 
multiple, which gives the lowest speed and power efficiency of 
the motors. By the wire, D, the current is carried to the brushes, 
FF and GG, which, according to this scheme, are permanently 
connected in multiple, the return path to the negative pole of the 
battery being through the wire A. 

In the middle figure, the circuit is varied so as to connect the 
two units of the batteries, so as to give its highest pressure 
efficiency. But, since the field windings of the motors are also 
connected in series, or in series-parallel, as in this case, the efficiency 
in speed and power is reduced nearly one-half. 

In the lower figure, the two units of the battery are connected 
in series, which, as in the former case, indicates the greatest 
efficiency in power output; but the field windings are connected 
in parallel, which means that the voltage generated by their oper- 
ation is equivalent to the voltage of only one motor, with the result 
that the speed and power efficiency is raised to its highest point. 


Ques. Describe the method of circuit changing illustrated in the 


' diagram, fig. 317. 


Ans. For first speed the controller is rotated so that 
the row of terminal points, A, B, C, D, E, F, G, are brought 
into electrical contact with the row of terminal points, on 
the controller, A’, B’, C’, D’, E’, F’, G’; this connects the 
two unit battery in multiple, and the field windings of the 
two motors in series. A further movement of the controller, 
bringing the points, A, B, C, etc., into contact with A?, B?, 
C2, etc., gives second speed, the batteries now being in mul- 
tiple, and the fields in series-multiple. For third speed, 
the points B aud C are brought into contact with B% and C3, 
and E and F with E® and F8, which means that the bat- 
teries are connected in series, and the fields in series. Si. - 
ilarly, for fourth speed, the points B and C are brought into 
contact with B4 and C4, and D, E, F, G, with D4, E4, F4, 
G4, which means that the batteries are in series and the 
fields in multiple. 

The connections between the battery, the armature brushes, 
and the motor fields, are made as indicated through the rotary 
reversing switch by the terminals, K, L, M,N. This switch may 


effect the reversal of the motors by giving a quarter turn to its 
spindle, which means that the contacts of segment X, will be 
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Fig. 317.—Diagram plan of the several parts of an electric vehicle driving 
circuit. The field windings and armatures are shown projected, the proper 
wiring connections being indicated. ‘The periphery of the controller is laid 
out within the broken line rectangle, the contacts and connections through it 
for varying the circuits through four speeds being shown. 
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shifted from I, and K to K and N, and the contacts of segment VY, 
shifted from M and N to L and M, thus reversing the direction 
of the current. 


Some manufacturers vary the scheme in the last two figures 
by connecting the armature brushes and fields of each motor 
into series and shifting the circuit connections, where two motors 
are used, from series to series-parallel. In figures 318 to 320 
showing the combination of one battery unit with two motors, 
the connections for the three speeds obtained are obvious. 
Since only one unit is used, the lowest pressure of the battery 
can be obtained only by inserting a resistance coil, R, in the cir- 
cuit, with the armature brushes, field windings and both motors 
connected in series. For the second speed, the resistance is 
simply cut out, allowing the full current of the battery to pass 
through the armatures and windings of both motors, still connected 
in series. For the third speed, the connections of armatures and 
motors are shifted to multiple, or series multiple. 


Ques. How may the circuits be arranged with two batteries and 
two motors? 

Ans. For this combination, as shown in figs. 321 to 323, 
it is possible to eliminate the resistance coil altogether and 
depend entirely upon the circuit shifting for regulating the 
voltage and power. Accordingly, for the first speed the 
batteries are connected in multiple, and the armatures and 
windings of the two motors in series. For the second speed, 
the series connections are adopted for both batteries and 
motors, while for the third speed the batteries are in series, 
with the motors in parallel. 


Ques. Describe the method of circuit changing illustrated for 
a four battery one motor combination, as shown in figs. 324 to 326. 

Ans. With this arrangement, the several speeds are 
obtained by simply changing the battery circuits without 
alteration of the armature or field connections. For the 
first speed the four units are connected in parallel, which 
gives a total voltage equivalent to the voltage of any one 
of them. For the second speed, the battery units are con- 
nected in series, the two pairs thus formed being joined in 
multiple, with the result that the total voltage of the battery 
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Figs. 318 to 320.—Diagrams showing methods of speed changing in a 
typical one battery unit, two motor circuit. The first speed shows the two 
motors in series, with a resistance coil interposed; the second, the motors 
im series, without the resistance; the third, the motors in multiple. 


4 SPEED 


Figs. 321 to 323.—Diagram showing methods of speed changing in a twa 
battery unit, two motor circuit, showing combinations for three speeds. ‘The 
first speed is obtained with the battery units in multiple, and the motors d 
im series, the second, with the battery units in series and the motors in series; 
the third, with the battery units in series and the motors in multiple, 
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is equivalent to the sum of the pressures of two of the units, 
or twice the voltage used in the first speed. For the third 
speed, all four units of the battery are connected in series, 
thus doubling the voltage again, and realizing the highest 
speed and power efficiency possible in the combination. 

Ques. Explain the construction of the controller of an electric 
vehicle. 

Ans. This consists of a rotatable insulated cylinder, as 
shown in fig. 327, carrying on its circumference a number of 
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Figs. 324 to 326.—Diagrams showing combinations for three speeds in 
a typical four battery unit, single motor circuit. ‘The only changes made in 
these circuits are in the battery connections. For the first speed the battery 
units are in multiple; for the second, in series mulliple,; for the third, im series. 


The motor connections are not varied. 
contacts, arranged to make the desired connections with 
the terminals of the various devices in the circuit through 
a wide range of variation. ‘The connections of the terminals 
of the batteries, of the field windings, and other elements 
of the circuit, are made at the binding posts at the front 
base of the instrument. From each of these binding posts, 
which are electrically insulated from one another, jack 
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springs rise to a position convenient to make connections 
with the switch blades arranged along the periphery of the 
controller cylinder. These switch blades, as may be seen, are 
secured to the controller cylinder by screw connections, 
being arranged singly, or several of them together on one 
plate. 


In the case of a pair of blades, shown in contact with the 
spring at either extremity of the controller cylinder, it is evident 
that there is an electrical contact, through the base plates, be- 
tween the two terminals, represented by the contact springs in 
engagement. Between these two end plates, as may be seen, 
there are several switch blades arranged singly upon the circum- 


Fig. 327.—A typical electrical vehicle controller, or circuit changing 
switch. The circuit terminals of the battery and motors are shown at the 
jack springs, which are arranged to be engaged by the fins on the periphery 
of the controller cylinder. The connections within the controller, between the 
fins, are the same as those shown in fig. 330, except for the fact that the four 


tings at the right hand end provide constant voltage connections for use with 


a shunt motor. The gaps at the rear of the rings show means for cutting out 
the shunt field at top speed. 


ference. At one point there is no contact whatever, showing that 
the terminals represented by the contact springs at that point 
are out of circuit. The several blades that are arranged singly 
on the controller surface have such electrical connections as the 
scheme of circuit variation adopted demands; these are made 


through insulated wire connections arranged between any pairitis 
desired to connect. 


Ques. Describe a second type of controller. 
Ans. A simple construction is shown in fig. 328, the 
controller here illustrated consists of a cylindrical surface. 
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upon which bear single leaf springs, the desired electrical 

connections being made by conducting surfaces suitably con- 

nected on the cylinder circumference, and cut-outs being 

similarly accomplished by insulating surfaces, bearing 
against the spring contacts at the desired points. 

This type of controller is one of the most ustial forms for motor 

vehicle purposes. As is obvious, it is possible to so arrange the 


electrical connections on the controller surfaces that by proper 
contacts with the terminal springs, reversal of the motor may be 


Fig. 328.—Controller of the Rauch and Lang electric vehicles. _It is of 
the flat radial type. two movable copper leaf contacts of ample size make 
all commutations necessary to obtain the various speeds. Five speeds forward 
and reverse are provided. 


accomplished, as shown on the last circuit diagram. This is done 

in a number of controllers, the reverse being accomplished at a 

definite notch on the quadrant of the shifting lever. 

Ques. What attention should be given to the controller contacts? 

Ans. The cable connections to the controller should 
always be kept tight, and it is essential that the controller 
fingers make firm connection with the contacts correspond- 
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ing to the different speeds, as otherwise there may be arc. 
ing, which will roughen their surfaces and cause the lever to 


work hard. 
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Fig. 329.—Diagram of controller connections of a one unit, one motor 
circuit, with variable fields. : ( 


Ques. What should be done if the contacts become burnt? 


Ans. They should be smoothed with a file, when the 
current is cut off by the safety plug, and a minute amount 
of vaseline rubbed over them to lessen friction. All copper 
particles or other dust should be blown or wiped off the 
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Fig. 330.—Diagram of controller connections of a four unit one motor 
circuit, with constant series connections for fields and armatures in forward 
and backward speeds. : 
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controller and its connections, as a short circuit might re- 
sult therefrom. 


The acid fumes produced by the battery, and the slopping of 
the electrolyte which sometimes takes place, are likely to cause a 
destructive corrosion of all metal parts subjected to their influ- 
ence. Whenever it can be used, asphaltum or tar paint will be 
found a good preservative and parts which cannot be so treated 
should be frequently wiped off. 
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HOW TO RUN AN AUTOMOBILE 


Since safety and comfort in automobiling depend largely 
upon the skill of the driver, it should be the aim of every 
one, who undertakes to operate a car, to acquire a knowledge 
of the correct methods of driving. The best way to learn 
is a question that must be decided, in a measure, by indi- 
vidual circumstances. 


In the handling of a car on the road by the average 
driver, it would be difficult to find two who adopt the same 
methods. ‘This is due to the varied experience the drivers 
have had, and to their degree of knowledge of the theory and 
principles of the automobile. Under suitable conditions, 
the gas engine will run for a long time without attention. 
However, a slight fault will often cause considerable trouble, 
the symptoms of which may not be plain enough to enable 
the trouble to be located directly, and the whole system 
must be gone over sometimes before it is located. It is, 
therefore, necessary to know just what is happening under 
the bonnet, and just when some things should happen, 
that reasonable satisfaction may be derived from the car. 

There is no car that can be expected to be free from trouble, 


for even the best workmanship and material may give way some- 
times. 

An inexperienced driver will find that he cannot get as much 
out of a car as the demonstrator for some little time, or till he is 
thoroughly accustomed to the car and knows how to handle it, 
whether travelling uphill or on the level. 
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A driver should: 1, be well acquainted with the car- 
buretter and ignition system, 2, understand the management 
of the spark, throttle, and control levers under varying road 
conditions, 3, give proper attention to lubrication, and 4, 
be able to make repairs resulting from the ordinary mishaps 
likely to be encountered on the road. 

In the chapter on engine operation, detailed instructions are 
given for its management and care, hence, it will suffice to say 
little here on this subject. 

Before taking a car on the road, the driver should first make 
himself familiar with the instructions given in the above mentioned 


chapter and also with the “control’’ system, which will now be 
explained. 


Answers Relating to the Control System 


Ques. Explain the term “control.” 

Ans. ‘This relates to the various levers and devices used 
in running the car, and which are conveniently located on 
the dash, steering column and foot board. 


A typical arrangement of control levers is shown in fig. 331: 
they are marked in the figure and their location should be care- 
fully noted. 

Ques. Explain the use of the throttle levers. 

Ans. It will be seen from fig. 331 that there are two 
throttle levers, one for hand, and one for foot operation. 
This is the usual arrangement. In running a car through 
crowded streets where frequent speed changes are to be 
made, this is done most conveniently with the foot. A 
downward pressure of the foot opens the throttle; it closes 
atitomatically when released by the action of a spring. 
‘Lhe foot throttle is also used when shifting the transmission 
gears, as one hand is required to operate the gear shifting 
lever, while the other is engaged in steering the car. 
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peice How should the throttle be operated on an open or country 
road? 


Ans. Here the running conditions are such that the 
hand throttle lever may be used to advantage, since it need . 
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Fig. 331.—Control levers and dashboard appliances on a gasoline automo- 
bile. Located at the side of the car are the two levers which operate the brake 
and shift the change speed géars. As shown, the throttle and spark levers are 
just below the steering wheel; a number of cars have the levers placed on top 
of the wheel. ‘The arrangement of foot pedals illustrated in the figure is to 
be found on nearly all makes of cars. 


not be moved so often. ‘The hand throttle may be set at 
any desired opening and it will remain in any position, 
whereas if the foot throttle be used, it is necessary to 
retain it in position by the foot against the tension of the 
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spring. The latter operation naturally becomes tiresome 
if continued for any length of time, hence, the hand throttle 
furnishes a ready relief. 


Ques. Can the throttle be entirely closed by the levers? 

Ans. No; the connections are so adjusted that when 
the lever is in the closed position, the supply of fuel mixture 
to the engine is not entirely shut off, but just sufficient to 
keep the engine in motion. 

As shown in the illustration, the throttle lever is placed below 
the steering wheel, however, on most cars it is placed above the 


the wheel. A notched segment is provided to retaia the throttle 
in any setting. 


Ques. Where is the spark lever located? 


Ans. It is superposed on the steering wheel with the 
throttle lever. 


Ques. What two brakes are usually provided? 


Ans. The running or service brake, and the emergency 
brake. 


Ques. How are they operated? 

Ans. The running or service brake is operated by the 
foot pedal and is released by a spring when not held down. 
The emergency brake is operated by a hand lever at the side 
of the car near the transmission lever. 


Ques. What connection is there between the clutch and the ser- 
vice brake, and why? 


Ans. The construction is such that when this pedal is 
depressed to apply the brake, the*clutch is simultaneously 
released. This arrangement prevents an inexperienced or 
confused driver applying the brake without releasing the 
clutch—a proceeding which would strain or bring heavy 
stresses on the engine and driving gear. 


Sometimes the emergency brake is arranged to simultane- 
ously release the clutch when applied, but this construction has 
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been criticized by some authorities as undesirable in handling 
a car on a hill. 

It is pointed out, that if necessary to stop the car in ascending 
a hill, the brakes must be released before the clutch can be thrown 
in, with the possibility of the car starting down hill backward 
before the power can be applied. The chance of stalling the engine 
through this and the danger of the combination to any but an 
experienced driver, it is contended, make it advisable to have the 
emergency brake separate from any connection with the clutch. 


Ques. How is the emergency brake lever retained in position? 

Ans. It is provided with a pawl and notched segment; 
the latter is concentric with the segment of the transmission 
gear shifting lever, the brake lever being always placed out- 
side. On some cars the segment has a hole drilled to receive 
a padlock. When the lever is drawn past this hole and the 
padlock inserted, the clutch is out and the brake applied, 
so that the car is protected against unauthorized use, or 
theft. 

Ques. Where is the clutch pedal located? 

Ans. On the floor board, to the left. 


Ques. Explain its operation. 

Ans. By pressing down this pedal the clutch is released, 
which allows the engine to runfree. ‘There is a connection 
between the clutch and brake pedals, such that if the latter 
be pressed down the clutch is released at the same time the 
brake is applied. 

Some cars have a simplified arrangement in which a single 
pedal operates both clutch and brake. Pressure on this pedal 
first throws out the clutch while continued movement of the pedal 
applies the brake. This arrangement leaves the right foot free 
to operate the foot throttle. 

ues. Where is the transmission gear shifting lever located, and 
how distinguished ? 

Ans. It is placed beside the emergency brake lever, 
but is always the inner one, or that one nearest the driver. 
On most cars it is further distinguished by the construction, 


as is shown in fig. 334, the brake lever being provided with 
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an external latch while the transmission lever has a press 
button on top, the latch link passing down through the 
handle. 


Ques. What is the object of the latch on the gear shifting lever? 

Ans. ‘To retain the lever in position for a progressive 
transmission, or, in the case of a selective transmission, 
to prevent placing the lever in the reverse position. 


Figs. 332 and 333.—Franklin emergency brake and transmission levers, 
as applied to models having progressive transmissions 

Fig. 334.—Characteristic side lever control. The two levers have distinctive 
constructions, the brake lever having an external latch mechanism and the 
transmission lever being provided with a press button at the top of the handle 
and connection running through same. 


Ques. Describe the operation of a gear shifting lever with a pro- 
gressive transmission. 


Ans. With this type of change speed gearing, a simple 
linear movement of the lever is sufficient to affect the 
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different gear changes, the lever being rotated through the 
proper arc, as shown in fig. 335, the positions for the different 
speed changes are shown by the dotted lines, the latch seg- 
ment having notches in the proper places to retain the 
lever in position. 

Ques. How is the selective transmission lever operated? 

Ans. It is necessary to give this type lever both a linear 


Fig. 335.—The Maxwell transmission lever, showing the several positions 
of the lever in making the speed changes. ‘The transmission is of the progres- 


sive type. 
and a lateral movement; a compound form of segment, 
known as a selector is required. 


Ques. Describe a selector. 
Ans. This is simply a compound segmental guide, 


having two slots for a three speed transmission, three slots 


INSIDE 
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Fig. 336 to 341.—Types of three speed selectors as used on well known 
American automobiles in the greatest proportion. Fig. 336, Franklin; fig. 337, 
Columbia and Corbin; fig. 338, Apperson, Cadillac, Elmore, Knox, Oldsmobile, 
Walter, Winton and ‘Thomas; fig. 339, Buick model five; fig. 340, Locomobile; 
fig. 341, Thomas. 

Figs. 342 to 348.—Types of four speed selectors as used on American 
automobiles, showing wide variation: fig. 342, Lozier model G; fig. 343, Pecr- 
less and Stearns; fig. 344, Studebaker; fig. 345, Lozier model H; fig. 346, 
Matheson; fig. 347, Toledo; fig. 348, Simplex. 
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for four speed transmissions, and a central gate to provide 
for the necessary lateral movement of the lever in passing 
from one slot to another. 

Fig. 334 shows the position of the selector with respect to the 
fever. The brake lever is also shown on the outside, the whole 
forming a structural unit which is attached to the side of the car. 
In shifting the gears for the several speed changes, the lever is 


moved to the various slot terminals, the central position at the 
gate corresponding to the neutral position. 


Ques. What is the arrangement of the slot terminals for the 
different speeds? 

Ans. There seems to be no standard arrangement; 
in fact, a great diversity exists, as is shown in figs. 336 to 348. 

Figs. 336 to 341 are examples of three speed selectors, and 
figs. 342 to 348, four speed selectors, showing the varied slot 
arrangements to be found on different makes of cars. ‘The 
numerals, 1, 2, 3 and 4 indicate the position of the lever for the 
different speeds forward, R being the position for reverse. 

Ques. What is the action of the muffler? 

Ans. It tends to increase the back pressure of the 
exhaust and thereby diminish the power of the engine. 

Ques. How may this excess*back pressure be avoided in running 
over heavy roads or ascending a, hill? 

Ans. <A cut out valve is connected to the exhaust pipe 
between the engine and muffler. ‘The operation of this valve 
is controlled by a press button placed on the foot board 
usually located conveniently to the driver’s left foot. 


Ques. What other signal besides a horn is sometimes provided? © 

Ans. A chime whistle is sometimes fitted to four or six 
cylinder cars, and operated by the exhaust from the engine; 
this produces a pleasing sound, especially on a six cylinder 
car, the rapid variations of the exhaust pressur2 producing 
a trembling tone. The whistle is connected to the exhaust 
pipe with a tee, and its valve operated by a push button 
located on the foot board near the muffler cut out button. 
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Ques. What device is usually provided to prevent anyone oper- 
ating the car in the absence of the owner? 

Ans. Anignition cut out plug is inserted in the primary 
circuit and located on the dash, or some other convenient 
yet non-conspicuous place, so that the plug is easily removed 
on leaving the car. 


Ques. _ Describe a self starting device. 


Ans. The method employed by the Winton Company 
on their six cylinder car is as follows: Attached to cylinders 
1 and 6 are outlets through which a small portion of the 
pressure of each power stroke passes to a pressure tank 
placed between the left frame rail and the driving shaft. 
Here the pressure is stored until required to start the motor 
when a cock is opened, allowing the pressure to flow through 
the distributer to one of the cylinders. The pressure forces 
this piston down, and at the same time another piston 
passes the firing point and the motor starts. However, 
if for any reason the first cylinder should fail to fire, the 
distributer sends the pressure to the cylinder next in order, 
and forces the next piston past the firing point, and so on 
if necessary, through a series of cylinders. 


Ques. How is this self-starter operated? 


‘Ans. The control of the self-starter is shown in fig. 349; 
it consists of a push button, which allows pressure to flow 
from the tank to the cylinders. Immediately above the 
. push button is the pressure gauge, which indicates the 
amount of pressure in the tank. In addition, there is a 
shut off valve for use when the car is to remain long idle, 
preventing loss of pressure from the storage tank. 


The other devices shown in the dash assemblage are: I, the 
auxiliary gasoline tank at the left, 2, the spark coil, and 3, the 
oil sight feed. : ate? 
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Answers Relating to Starting 


Ques. How is a car started? 

Ans. After starting the engine as previously directed, 
the driver takes his seat and starts the car as follows: Before 
any load is put on the engine its speed is increased by 


Fig. 349.—Winton six dash assemblage, showing from left to right the 
auxiliary gasoline tank, the shut off, push button and gauge of self-starter, 
the spark coil and oil sight feed. 


slightly retarding the spark, in order to store up in the fly 
wheel sufficient momentum to keep it going between power 
strokes, against the added resistance of the load. This 
increased speed, as stated, is secured by spark adjustment 
rather than by changing the throttle position—the latter 
method being reserved for any additional increase of speed 
that may be necessary. The clutch pedal is next fully 
depressed and then the emergency brake released. With 
clutch still disengaged, the transmission lever is moved 
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from neutral to first speed position, also the right foot placed on 
the throttle pedal, or accelerator as it is sometimes called, 
ready to press down and increase the throttle opening should 
the engine show any tendency to diminish its speed or stop. 
The clutch pedal may now be slowly raised, which will allow 
the clutch to engage gradually and start the car easily and 
without jerk. 


The transmission lever, in the above, was assumed to be 
originally in neutral position, to which position it should always 
be brought when the car is stopped. It should be remembered 
that the emergency brake and clutch are so connected that when 
the brake is set, the clutch is automatically released, it being 
thrown into engagement with the transmission upon the release 
of the brake. Hence, to prevent the clutch being thrown in, 
when the brake is released, the clutch pedal is held down before 
releasing the brake. 


Ques. How are the gears shifted to second speed? 

Ans. In making a speed change there are three things 
to be done, and it is important to remember the order in 
which these operations should be performed, viz: 1, the 
clutch must be detached by pressing down on the clutch 
pedal with the left foot, and after waiting one or two seconds, 
in order that the two gears to be meshed shall be revolving 
at nearly the same speed, 2, the transmission lever is quickly 
moved to second speed position, and 3, the clutch gradually 
re-engaged or thrown in. 


Ques. What attention must sometimes be given to the engine 
during the wait for synchronism of the revolving gears? 


Ans. It is usually necessary to accelerate the speed of 


the engine by the foot throttle, especially when running over 
a heavy road. 


Ques. Describe the change from second to high speed. 


Ans. On most cars this is the speed of direct drive and 
in shifting the gears for this speed, the driver proceeds in the 
same manner just described for changing to second speed, 
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that is, after releasing the clutch the transmission lever is 
‘coved to the high speed position, and then the clutch is 
gradually re-engaged or thrown in again. 


In the four speed transmission there is an additional speed 
to pass through, but the same operations as just described are 
performed. 

In some four speed transmissions the direct drive is the fourth 
speed, while in others the construction is such that the direct drive 
is on the third speed, the fourth speed gearing the engine to run 
slower than the propeller shaft. 


Ques. How is the speed of the car usually regulated? 

Ans. In running the car, the speed is almost always 
regulated by the throttle, the accelerator, or foot pedai 
being used mostly. ‘The hand throttle lever is used occa- 
sionally as a relief, to prevent fatigue of the ankle muscles, 
or where the car is run considerable distances without speed 
changes, as on open country roads. 

Ques. What is the proper method of handling a car to make a 
gradual-and a quick stop? 

Ans. When making a gradual stop: 1, the throttle may 
be closed, allowing the compressional resistance of the engine 
to act as a brake, until the car has reduced its headway, 2, 
the left pedal is now depressed throwing out the clutch, and 
3, the foot brake applied with the right pedal. To make a 
quick stop, both the clutch and brake’ pedals may be pressed 
simultaneously and the emergency brake set. In making a 
stop, the transmission lever should always be placed in the 
neutral position; the throttle should be closed, and spark 
advanced so that the engine will not race. 


Ques. How should the car be reversed? 

Ans. After the car has come to a standstill: 1, the 
clutch is held out with the left pedal, 2, brakes released, 
3, the transmission lever moved to the reverse position, and 
4, the clutch gradually thrown in. 
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Answers Relating to Spark Control 


Ques. What qualifications are necessary for the proper manage- 
ment of the spark under varied running conditions? 


Ans. The driver should have an understanding of 
ignition and carburetter principles, together with extensive 
experience in operating the car. 


_ 


Fig. 350.—The American Traveller with 40 inch wheels. An example of 
the underslung frame type of car, Four cylinder engine, bore 53 in.; stroke, 
54 in., 50H. P. Double ignition system—Bosch high tension magneto and 
single unit coil, 


Ques. On what does the spark control depend? 
Ans. It depends somewhat on the kind of ignition used. 


Ques. How is the spark influenced by a vibrating coil? 

Ans. When a vibrating spark coil is used, no such 
advance of the spark is possible as would be indicated by 
the position of a timer apparently capable of a movement 
of 90 degrees or more. . This is due to the lag in the vibrating 
spark coils. Hence, it should be remembered that with a 
vibrating coil, the spark position as indicated by the spark 
lever is always in advance of its true position—the difference 
increasing with the engine speed. 
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Ques. . What effect has a high tension magneto on the spark? 

Ans. There is no lag due to make and break of the pri- 
mary circuit as with a vibrator coil, because the mechani- 
cally operated interrupter of a high tension magneto is 
positive in its action. 

Ques. What other condition governs, to some extent, the control 
of the spark? 

Ans. ‘The quality of the fuel mixture. 


Ques. How should the mixture vary for low and high speeds? 
Ans. At low speeds it should be richer than at high 
speeds, on account of heat and compression losses. 


In this connection it should be remembered that a lean and 
highly compressed charge burns faster than a rich one, and the 
spark position should be modified to suit the immediate conditions 
of combustion. 

Ques. What is the effect of a late spark? 

Ans. A late spark, especially with a rich mixture, 
causes the engine to heat and results in an increased 
consumption of gasoline. When on the road, the best 
results are usually obtained by advancing the spark lever 
as far as possible without the engine pounding. 

Ques. How should the spark be controlled under running con- 
ditions? 

Ans. Definite rules for handling the spark lever cannot 
be laid down, as conditions vary with the kinds of roads 
being travelled, difference in engines, ignition system, etc., 
but a good driver will not allow the engine to pound. 


Ques. What should especially be avoided in spark control? 

Ans. A very late spark. The general practice among 
drivers, when desiring to keep the engine running slowly, 
is to retard the spark and throttle the fuel mixture as much 
as possible, the adjustments being usually set to allow the 
engine to just keep running under these conditions. This 
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practice is responsible for the need of grinding in valves at 
short intervals. 


‘With the spark lever retarded, the gas is ignited so late in 
the stroke that the exhaust valve opens before the charge is burnt, 
consequently the gas at very high temperature is passing between 
the valve and its seat. The cool gas, coming in on the suction 
stroke, will help the water cooling system to keep the valve cool, 
but even with this help it will not withstand the heat very long 
and is soon warped, allowing leakage during the compression 
stroke. The remedy is to adjust the throttle so that the engine 
may be run as slowly as desired with the spark advanced so that 
ignition does not take place so near dead center. 


Answers Relating to the Control of the Change 
Speed Gears 


Ques. What may be said with respect to shifting the change 
speed gears? 


Ans. ‘The proper handling of the transmission lever, 
on a sliding gear system, can only be obtained by practice. 
One of the best tests of a driver’s skill is to notice the way 
he handles the change speed gears. A skillful man, accus- 
tomed to a car, will pass through all speeds, either up or 
down, noiselessly, unless for the click caused by the lever 
bringing up against the quadrant. 

Ques. What difficulty is sometimes encountered by the beginner? 


Ans. The two movements necessary to give the trans- 
mission lever with a selective type transmission. 


Ques. How should this operation be performed? 

Ans. In moving the lever, the driver should give it a 
slight lateral pressure as it approaches the neutral point. 
With a little practice, the change may be made with prac- 
tically one motion, the lateral movement requiring no 
separate action. 


In the mind of the average demonstrator and that of his 
pupil, (for the latter has it ground into him), there are but two 
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things to do in changing gears: release the clutch and push or 
pull the lever. 

The beginner pushes or pulls the lever mechanically, and it is 
usually not until long after he has graduated that he comes to learn 
what actually happens in the gear box when he moves the lever. 


Ques. What knowledge is necessary for the intelligent handling 
of the transmission lever? 

Ans. The operator should understand the principles 
of operation of the transmission. 

Ques. What condition is necessary in order that the gears may be 
shifted? 

Ans. ‘The teeth of the two gears that are to be brought 
into mesh, must be in a position to correspond, or nearly so. 
In order to facilitate the engagement of the gears, the teeth 
are rounded at the ends. 

Ques. What condition is necessary for noiseless shifting of gears? 

Ans. ‘The two gears to be meshed must be revolving at as 
nearly the same speed as possible, therefore, when going 
into first speed the necessity for waiting a moment or two 
after declutching in order to allow the clutch shaft to slow 
down must be plain. If the lever be moved immediately 
the clutch is disengaged, it is practically the same as if an 
attempt were made to mesh the gears without going through 
the very necessary preliminary of taking the clutch out of 
engagement. Just how long it is necessary to wait must bea 
matter of experience in different types of cars. 


The old conical clutch with its comparatively great diameter 
is apt to hold its momentum much longer than other types, such as 
the multiple dis>, in which the discs are very small and light, 
although improvement along these lines has also made a vast 
difference in the earlier type, which is still adhered to by a number 
of prominent builders. In any case, the wait will not exceed a 
few seconds, but the difference in the result in the end of that time 
will be very perceptible as the gears are easily slid into mesh with- 
out any noise when the pinion on the clutch shaft is just about 
to come to rest. Waiting too long is not as bad as delaying the 
operation for too short a time, as the noise and damage will be | 
proportionate to the relative speeds of the shafts, whereas in the 
former case, it is merely a matter of try again. 
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Ques. What precaution should be taken in shifting the gears? 


Ans. Gears should not be forced into mesh. If they do 
not engage without being forced together, there is something 
radically wrong, and jamming down hard on the lever is 
only liable to aggravate the trouble or spring the shifting 
arm or lever. 


Ques. What causes the noise or “ growl’’ so frequently heard? 


Ans. ‘The incorrect handling of the transmission lever 
due to carelessness or ignorance of the driver. 


. Noise is not necessary in shifting the gears; it is caused 
by the attempt to force them together while they are trav- 
elling at different rates of speed. ‘This serves to grind and chip 
the edges, occasionally breaking the teeth. No matter how easy 
an entrance has been provided by the designer of the car, the 
pinions cannot be slid together unless they happen to be re- 
volving at approximately the same rate of speed, and the closer 
they are to this the better. Observation shows that the average 
driver seldom takes the precaution to wait before engaging the 
first speed to start, and noise and damage inevitably ensue. In 
changing to second speed, similar conditions obtain. The clutch 
shaft is revolving at a comparatively high rate of speed and the 
countershaft is going at a considerably slower rate. Hence, it is 
impossible to make the latter go any faster, and therefore an 
immediate and noiseless change is not possible. 


Ques. What is the usual faulty method adopted in making the 
speed changes? 


Ans. ‘The transmission lever is usually moved simul- 
taneously with the release of the clutch, and the result is 
to bring the speed of the clutch shaft down to that of the 
countershaft by the friction thus created between the sides 
of the pinions, to their resultant damage. ‘The same result 
can be much better accomplished by a momentary halt 
between the operation of pulling the lever out of one speed 
and placing it home in the other, keeping the clutch fully 
disengaged in the interval. Here skill and experience in 
the handling of the make of car that one happens to be 
driving count, for if the wait be prolonged, the result will 
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S. A. E. Standard Screws and Nuts 


OXLE= LENGTH OF THREADED PORTION 
P=, PITCH OF THREAD 


F FLAT TOP 


B= REFERS 70 ALL NUTS 
AND SCREW HEADS — 

O= DIAMETER OF SCREW 

d= D/A. OF COTTER PIN 
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The present United States standard for bolts, nuts, and screw threads were established 
by the United States Navy Department, in May, 1868. These standards remained pre- 
eminent for many years and have proved of great convenience and value. During recent 
years, however, manufacturers of fine machinery have found from experience that for a large 
portion of their work the United States standards for pitch of threads have been too course, 
and the dimensions of heads and nuts too large. In order to secure satisfactor'y construc- 
tion special fine pitch screw threads and smaller nuts had to be made. The number and 
variety of these special threads and nuts have finally become such that great confusion, incon- 
venience and expénse have been caused. To overcome this condition the Association of 
Licensed Automobile Manufacturers adopted a new screw standard which was afterward 
adopted by the Society of Automobile Engineers, with slight modifications, and is herewith 
set forth. It is assumed that where screws are to be used in soft material, such as cast iron, 
brass, bronze or aluminum, the existing United States standard pitches will be used. 

The S.A. E. Standard—This standard is to be known as ‘‘Society of Automobile 
Engineers Standard for hexagon screws, castle and‘plain nuts.”” The term ‘‘Screw”’ is intended 
to supplant the present so called ‘‘coupling bolt’ and ‘‘cap screw.’”’ The term “‘Plain hexagon 
nut” is intended to supplant the present ‘‘United States standard. nut.” The term ‘“‘castle 
nut” is given to a new nut, which is intended to be uséd where a positive locking system is 
desired. The term ‘“‘facing’’ is given to a relieved portion under the screw heads. 

Dimensions—All dimensions in inches. Finish—All heads and nuts to be semi-finish. 

Material—For all screws and nuts—steel. Screws are to be left soft. Screw heads are 
to be left soft. The plain nuts are to be left soft. The castle nuts.are to be case hardened. 
It is assumed that where screws are to be used in soft material, such as cast iron, brass, bronze 
or aluminum, the United States standard pitches will be used. 
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be the same as if none had been indulged in, and the stop 
is apt to compel the momentary re-engagement of the clutch 
to again set the clutch shaft in motion. 


Ques. What is the usual arrangement of the progressive system? 

Ans. Generally the reverse gear is in mesh with the lever 
at the extreme rear, and high speed at the forward end of 
the quadrant, the intermediate speeds proportioned in 
between. The lever usually has a button on top, control- 
ling a latch that locks in place at any desired speed by fitting 
into a slot cut in the quadrant. 


Ques. What is the best method of securing the proper amount 
of travel from one speed to another with a progressive transmission ? 


Ans. The button or finger clasp that releases the latch 
from its slot is pressed, and while holding it released, the 
lever is moved far enough to prevent it slipping back into 
the slot when the button is released. ‘The latch will now be 
pressing against the quadrant bar, and the lever can be moved 
until the desired gear is psoperly meshed, where the influence 
of the spring will pull the latch into the slot and lock the 
lever. If the latch be held released, the result may be that 
the lever will be carried too far into the following neutral. 
If this should occur, the operator must stop and again come 
back to first speed. 


The progressive gear, as worked out by the Packard Company, 
does not have a locking device on the lever, the same result being 
obtained by a device in the gear box. When shifting from first 
to second, or from third back to second, the lever should be carried 
rapidly forward or backward until the gears are felt to engage. 
The locking device, though not automatic, will check the travel 
of the lever, and if the gears be properly in mesh, will provide 
sufficient resistance to the movement of the lever to assure the 
operator that the gears are correctly in mesh. 


Ques. What attention should be given to a selective transmission? 

Ans. It should be kept well oiled in order that the lever 
may freely slide sideways, also the operator’s hand should be 
kept off the button unless it be desired to enter reverse. 
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It should be remembered that the button operates a stop 
which is provided as a safeguard; when the button is up the lever 
cannot enter reverse. 

Some cars have appeared on the market with speeds arranged 
as follows: 

Rize 


a) 


If on a hill and conditions demand a change to a lower gear, 
say third back to second, the driver will have no trouble if he 
handle the lever without touching the button. If he should touch 
the button, he is almost sure to enter reverse, with possible serious 
consequences. 

The clutch should be thrown as far forward as possible before 
any attempt is made to engage the gears. Some cars have 
appeared with only one pedal so arranged that the clutch is first 
released and further travel of the pedal applies the running 
brakes. The different types of clutch in use and the care be- 
stowed on them have much to do with the ease with which the 
gears may be engaged. 

The cone clutch, with its comparatively large diameter, is 
likely to spin longer than the multiple disc. Any attempt to mesh 
the gears while the clutch is spinning will result in the gears 
“growling,” possibly chipping the teeth. 

Occasionally the shaft will stop so that the teeth of one gear 
will strike those of the other and prevent them meshing. In 
this case, the clutch should be engaged again for an instant, 
thus letting the clutch shaft spin, and after giving the gears time 
to slow down, another attempt may be made to put them in mesh. 


Answers Relating to the Brakes 


Ques. What precaution should be taken in operating the brake? 

Ans, The brake should never be applied with such 
force as to cause the tires to slip. The life of tires may be 
prolonged by the judicious and moderate handling of the 
brake lever. 


Ques. What is the effect of locked wheels? 
Ans. Much of the retarding effort is lost and rubber 


is ground off the tires, or if travelling on muddy roads or 
pavements all control over the car will be lost. 
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s ee How should the speed of the car be controlled on long 
grades? 


Ans. In descending a long incline, the brakes should not 
be depended on to hold the car. The ignition should be cut 
out, and, depending on the length and steepness of the grade, 
a suitable gear should be meshed and the car allowed to 
coast under compression, the brakes supplying any further 
retarding effort necessary. 


Ques. What may he said of brakes in general? 

Ans. Some brakes are intended to be lubricated, others 
are useless if oil reach the friction surfaces. When this 
happens, the best thing to do is to squirt a little gasoline on 
the drum. This will cut the oil and restore the efficiency. 
If one brake be adjusted tighter than the other it will throw 
* the end of the car on that side around. Friction surfaces 
of metal to metal or steel to camel’s hair or asbestos, will 
give little trouble with ordinary care. If leather be used, 
its life will be prolonged by releasing the brakes for an instant 
while in use. ‘This will allow a current of air to pass between 
the surfaces and carry away some of the heat generated. 
The friction of the brake leather on the drum always gen- 
erates heat, and the leather may be heated enough to be 
burnt or charred until useless unless the brake be used with 
moderation. 


Answers Relating to Driving: Rules of the Road 


Ques. What precautions should be taken in driving an auto- 
mobile? 


Ans. ‘There are certain fixed rules of the road that must 
- be observed, aad rightly, too, if one is to avoid trouble, but the 
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motto of every driver should be: “Always be prepared for 
everyone else doing the wrong thing.” By observing this 
tule, the driver will find himself armed for whatever may 
occur on the city streets. The first thing a new driver should 
do is to become familiar with the rules of the road. 
In sume places they are unwritten rules, but in most of the 
big cities the police have framed up regulations for the control of 
traffic, which, unfortunately in most cases, apply only to motor 


cars, the bluecoats being singularly nearsighted when it comes 
to noting infractions of the rules by drivers of horse drawn vehicles. 


Ques. What is the first rule in driving? 
Ans. Keep to the right in passing a vehicle going in the 
opposite direction. 


Fig. 351.—When two cars are going in opposite directions, the safe pro- 
cedure is for each driver to keep well to the right of the crown of the road, thus 
avoiding the possibility of a collision. 


Ques. What is the second rule? 


Ans. Keep to the left in passing a vehicle going in the 
same direction. 


Numerous accidents have been caused by failure to observe 
this rule. The driver who disregards this rule is liable for damages 
in case of accident, as a vehicle has a right to swing to the right 
at any time. 

The non-observance of the above rule is sometimes due to the 
presence of electrics whose drivers generally stay in the middle 
of the street and run at about eight or ten miles an hour, which 
often compels others to invade forbidden territory to get by or 
else swing to the left directly into the path of the vehicles coming 
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from the other direction. Cases are seen daily where the drivers 
have had to go almost to the left curb in order to pass. 


Ques. What is the proper method of turning a corner? 
Ans. The driver should not cut diagonally across the 
street by beginning to turn before reaching the corner. 


It is evident that such a procedure will cut off traffic coming 
from the other direction. 


Ques. What is the road signal to indicate that the driver is about 
to turn a corner or stop? 


Ans. ‘The driver raises a hand or whip; the right arm 
extended means that it is unsafe for the man behind to come 


Fig. 352.—The driver should not pass to the right of a vehicle going in the 
ee ek in case of an accident caused by the other 
up on that particular side, because the signaler is preparing 
to turn a corner and needs room. The arm extended to 
the left means caution on that side. The right arm raised 
so that the arm is above the level of the head, with the 
forearm vertical and the shoulder portion horizontal, means 
that speed is about to be slackened, possibly because of the 
traffic or because of some manoeuver the driver wishes to 
make. It may be a case of reverse; then the horn should 
be sounded to call attention to the signal. 


Another signal that is sometimes used when a driver desires 
the car behind to pass him or he has consented to give the right 
of way is to hold the right arm downward outside the body of the 
car and wave it forward. 

The constant thrusting out of the hand, like an automaton 
or jumping Jack, as practiced by some drivers, should be avoided, 
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as it cheapens the signal, and results in less attention being paid 
to it on occasions of danger. 


i Ques: What precautions. are necessary in driving along trolley 
ines! 

Ans. Asa rule, the track is laid on one side of the road, 
but there appears to be no recognized plan as regards loca- 
tion, and the autoist must keep a sharp lookout, not only 
for surprising changes in the location of the line but also 
for the cars themselves. In regard to the track itself, strict 


Fig. 353.—In turning corners, the driver of a vehicle turning to the left 
from the right hand side should pass the center of the street intersection 
before making a turn. In case he desires to make a right hand turn he 
should hug the curb as closely as possible in turning the corner. 


watch should be kept for rails which are elevated above the 
level of the road, for switch tongues and differences in level 
between the bed of the track and the surface of the road. 
Any of the foregoing may interfere with the steering of the 
automobile if the wheels come in contact with them, and if 
the road be at all greasy, side slips are likely to occur. 


Ques. What trouble is encountered from slippery rails? 

Ans. If the tires get into the rail channels, they may be 
badly wrenched or even torn off when a change of direction 
is made. 
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Ques. What should be avoided with respect to the rails? 

Ans. One of the commonest mistakes made is in run- 
ning the car with all four tires in the channels, which undoubt- 
edly makes smooth running but which also renders it difficult 
for the autoist to steer out of them again when he wishes 
to do so by any movement of the steering gear. When the 
rails are dry, only a short time will elapse before the tire 
will ride over the rail head and get clear, but with wet rails 
sometimes hundreds of feet are traversed before the tires 


are clear. 


Fig. 354.—In turniny corners where there are pedestrian refuges, drivers 
should use signals, a wave of the hand to the right asking the other driver to 
pause, while one to the left gives the right of way. 


Ques. What precaution should be taken in crossing railroad 
tracks? 

Ans. All tracks should be treated as if trains were likely 
to be due at the crossing at any moment; the car should be 
driven across at the greatest angle, and at the best speed 
possible. A sharp lookout should be kept in both directions 
and the car slowed down on approaching the crossing, taking 
absolutely no chances. 


In case a collision be imminent, the steering wheel should be 
turned sharply in the direction in which the train is moving, so 
that the car will be struck a glancing blow, and the occupants 
will have some chance of escape. 


456 AUDELS ANSWERS 


Ques. What is the correct method of negotiating turns? 

Ans. ‘The car should keep to the center of the road and 
its speed reduced somewhat until the road is seen to be clear, 
when the turn can be made. In taking a right hand turn, 
the autoist should keep well away from the corner, de- 
scribing as large an arc as possible and gradually gaining 
the center of the other road. 

There are numbers of drivers who habitually shave corners; 
who start to take the turn before reaching the proper point and 
cut diagonally across the road, obstructing traffic coming in the 


opposite direction, and hugging the left hand corner of the inter- 
secting road. Their desire is evidently to travel from one point 


Fig. 355.—The rules of the road call for a machine or vehicle stopping 
with the right wheels to the curb. 


to another in the shortest possible space of time, and to save 
distance cut the corners without regard to the rights or safety 
of others. 

Because of the presence of reckless drivers, special caution 
has to be exercised at all times. 


Ques. What difficulty is experienced in taking a curve, turning 
to the right? 


Ans. Since the driver must keep to the right side, the 
camber of the road tilts the car in the wrong direction, which 
not only reduces its stability but in some cases causes the 
rear of the car to swing, especially ona wet road with marked 
camber. 

Where the presence of an acute turn of this description is 


known, or indicated by a warning sign, the driver can be relied 
upon to reduce his speed, so as to be able to take it without unduly | 
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stressing his running gear. But it is when the situation suddenly 
presents itself that matters assume a critical phase. 

If the car be still running in a straight line when the nature 
of the corner becomes apparent, the engine should be switched 
off and the brakes judiciously applied without taking out the 
clutch, but if the corner has been entered upon, the greatest care 

, should be exercised in using the brakes, because if the driving 
wheels become locked, a viclent side slip would be inevitable. 

If the corner has been entered upon, it will be wise to withdraw 
the clutch and trust to gentle braking with the side lever and good 
steering to get around. Advantage should be taken of every 
broken bit of road surface to assist the driving wheels in holding 
to the road. 


Tig. 356.—A good rule to observe and one that will prevent accidents is to 
go to the next corner before turning in a street. The turn should not be 
attempted until the farther corner has been reached, then a wide swing should 
be made, caution being observed, of course, to avoid vehicles going in both 
directions, 


Ques. How should a greasy corner be taken? 

Ans. For either a right or left turn, the driver can put 
the innerside wheels in the gutter, where they act as non- 
skids against the slope of the Jatter, and run round cau- 
tiously. 

Ques. What is the proper method of taking a sharp turn? 

Ans. It is best to run free for the sake of the differential 
gear, and if the rear of the car show an inclination to swing, 
gently letting in the clutch will cause the inside wheel to 
‘bite’? and the car will answer the wheel. 
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Ques. How should the car be run over faulty roadway? 

Ans. When passing little breaks in the road, caused 
by water running off and carrying the road material with 
it, the shock of striking the edges is rather severe on tires 
and may be lessened by releasing the clutch for the moment 
and allowing the car to coast, always taking ‘‘ waterbreaks”’ 
and similar rough spots straight on, so as not to strain the 
car unnecessarily. 


Fig. 357.—Slow moving vehicles should keep as near the curb as possible, 
leaving the central part of the road for faster moving rigs. 


Ques. What precaution should be taken on approaching a point 
where the road forks or branches? 


Ans. The autoist should hold well over to the proper side 
of the road in order to avoid cars coming along the branches. 
Should he be travelling along one of the branches towards 
the fork, -however, he should keep in the center, as when 
approaching an ordinary turn. 


Ques. What is “skidding?” 


Ans. Skidding implies a continued forward movement 
of the car after the wheels have been locked by the brakes. 


t 
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Ques. Explain the term “‘side slipping.” 


Ans. Side slipping relates only to a lateral motion of 
the car due to the wheels sliding bodily sideways. 


Ques. How may side slipping be avoided? 


Ans. Nothing but experience can teach the autoist 
how to evade side slip when the roads are in a slippery state. 
Deft manipulation of the steering wheel by an expert operator 
will often neutralize a well developed skid, by maintaining 


Figs. 358 to 365.—The American Motor League ‘‘caution signs.” Back- 
ground and posts white, symbols black: 1, indicates approach to a steep descent ; 
2, approach to a railroad crossing; 3, approach to a branch road (to right) ; 
4, approach to a branch road (to left); 5, approach to cross roads; 6, approach 
to a ditch or abrupt depression in the road; 7, approach to a hummock; 8, 
approach to a city, village, or other collection of inhabitated dwellings; 9, 
is a general caution signal indicating the proximity of any danger or obstruc- 
tion not indicated above, or any other condition requiring caution; 10, (not 
shown in cut) is a plain white sign and can be improvised in emergency cases 
by using a sheet of white cloth fastened upon a board of proper shape. Each 


sign is placed at a distance of not less than 200, not more than 300 yards 
from the point to which it refers, 


“ 


the car in approximately its original line of onward move- 
ment. ‘Thus, if the front wheels be steered in the direction 
in which the rear wheels are skidding, the tendency of the 
vehicle is to stay parallel to its original line of movement, 
ready to resume it as the skidding terminates. 


There are certain kinds of surface on which the tires cannot 
obtain a firm grip, places in which lateral strains are brought to 
bear on the car, and acts on the part of the driver which either 
seduce or increase the adherence between the tires and the road. 
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Ques. What are the conditions encountered in operating a car 
at night? 


Ans. Objects at night-are deceiving to the eye. What 
appears as a dark patch in the road may be either a pool of 
water or a depression, and light colored objects by the side 
of the road may even be taken for the road itself. The road, 
too, apparently disappears a short distance ahead and the 
autoist sets the brakes, only to find himself deceived. Due 
to the combination of deep shadows and strong lights with 
the general gloom of the night, all sorts of objects created 
in the imagination seem to spring up, causing doubt and 
anxiety. 

Running in city streets or on lighted roads, is, of course, 
much easier than running on dark roads, but in such cases the 
eyes are constantly accommodating themselves to the changes in 
light as the car approaches and passes a street lamp. 

With the powerful arc lights in use in many cities, the view 
will be obscured for a short time as the car passes out of the circle 
thrown by the light, and a feeling of blindness will result, soon 
passing off, however, as the eyes adjust themselves to the change 
in quality of light. It is due to this effect on the eyes that a 
number of the minor accidents occur at corners, not only to autos 
but to horse vehicles and foot passengers. 

When emerging from light into what seems total darkness, as 
when leaving the last light of a city and going along the unlighted 
road, an involuntary sensation of being lost is experienced and 


even with powerful headlights the feeling of blindness occurs for 
a short time. 


Ques. What should be avoided at night? 

Ans. Except when absolutely necessary, goggles should 
not be worn nor should the wind shield be raised, as the 
reflections from street lamps or other sources of light on the 


glass surfaces of the goggies and shield appear as direct 
lights, and obscure objects on the road. 
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OVERHAULING THE CAR 


A thorough overhauling of the entire car is occasionally 
required, that the parts may be readjusted for wear and any 
needed repairs made. It is only by this care that the owner 


mm CNT it i 
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Fig. 366. ZEKE of tools as usually carried on an automobile. With this 
outfit the driver can make adjustments and repairs such as arise from the 
ordinary mishaps likely to be encountered on the road. 


can get an idea of the condition of the car, ascertain what 
parts show wear, and correct wrong adjustments which 
previously may have been made. ‘The principal reason for 
taking an engine apart is to find the exact condition of the 
pistons and bearings as well as to remove any carbonized 
oil that may be found adhering to the cylinder walls. 

Each part as it is removed should be cleaned. As soon 
as one part is unjointed or uncoupled, its pins or screws 
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should be inserted in their proper places before laying aside. 
This will prevent any small parts being misplaced. 


Answers Relating to Overhauling 


Ques. How may confusion be avoided in dissembling the car? 

Ans. By providing a sufficient number of boxes to 
accommodate the several units of the car, and keeping 
everything pertaining to a certain part in its respective box. 


Fig. 367.—Steel slings to facilitate the removal of the engine. The slings 
are made of solid rolled steel about 34 inch thick and each consists of two parts 
with hooked ends, having the hooks disposed at right angles to each other so that 
the two parts may be readily engaged or disengaged. 


Ques. What should be removed from the engine? 
Ans. The carburetter, pump, wiring, spark plugs, and 
other detachable parts. 


Ques. What precaution should be taken in disconnecting the 
magneto? 


Ans. The gear wheels of the engine and the driving 
pinion of the armature shaft should be marked with a punch 


PLATE—REMOVAL OF CARBON DEPOSIT. 


The removal from time to time of carbon deposits accumulating in the combustion chamber 
and on top of the piston is necessary for all gasoline engines. 


_ The frequency of this operation depends on the severity of service and the quality aad quan- 
tity of lubricating oil. 


To scrape the cylinders, remove both inlet and exhaust valve caps and turn the engine 
over until the pistons of two cylinders are at their top centers. The scraping off of the deposit 
is done by means of tools of different shapes, the tools being bent so as to reach the piston head 
and the sides and tops of the cylinders. Scrape all removed carbon over to the exhaust valve 
and when through, turn the engine until the exhaust valve lifts, when the carbon may be 
scraped past the valve and into the exhaust passage whence it will be blown out. For a good 
job, brush the surfaces clean and make sure that no carbon becomes lodged between the 
exhaust valve and its seat. Finally wash with kerosene. 

In replacing the cylinder plugs over the valves, put graphite grease around the threads; 
this will make a compression tight joint and also make it easier to remove the plugs the next 
time. Likewise, be sure to replace the copper gaskets under the plugs. It is an excellent plan 
to attend to removing the carbon and to grinding the valves together. 

With ordinary use and good lubrication valve grinding and carbon removal should not be- 
come necessary before the car has run from 3,000 to 5,000 miies. 

The necessity for scraping may be minimized largely by injecting a tablespoonful or two of 
kerosene into each cylinder after the day's run, while the cylinders are still hot. Kerosene used in 
this manner, has a strong solvent action which may be utilized more fully by cranking the engine 
—with the ignition off—so that the kerosene will work over the entire cylinder surface. 
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PLATE—INSERTING PISTON RINGS. 


The steel piston rings now used on most cars cannot be inserted by expanding them over 
the head of the piston, as was the case with the cast iron rings. If this be attempted, the 
steel rings will be bent and ruined. 


To insert the steel rings, lay each ring flat on the head of the piston. Take hold of one 
end and press it downward until it slips into the first groove. With the other hand, turn the 
ring around with a screwing motion toward the entering end. The ring will then thread itself 
into the groove with very little trouble, and without any danger of being kinked or expanded. 


To remove rings, reverse the operation by starting one end out of the groove and turning 
it out by screwing it around the piston. 


If necessary, use a pointed tool to lift the end out of the groove in starting, but be careful 
not to bend the ring. 


When several rings are to be put on a piston, the bottom one must be threaded down through 
all the grooves first, until in place. Then follow with the others. 


The last ring to fill the groove is usually the most difficult to get in place, but this can 
easily be accomplished if care be taken to see that the end enters the groove to its full depth 
and is held there during the threading operation. 


In handling rings, be careful not to dent or mar them with tools as the material is very 
soft and if ring be bent or marred, it is useless. 
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at the point where they mesh, if not marked already. By 
taking this precaution, the magneto may be assembled on 
the car in its proper place without disturbing the original 
timing. 

Ques. What care should be taken with regard to the valves? 

Ans. Each valve should be marked as it is taken out, 
that each may be replaced in its proper seat. It will be 
convenient to number them 1, 2, 3, etc., by punch mark. 

Ques. Having removed the small parts, what should be done 
next? 

Ans. The cylinder castings should be lifted off the pistons 
and removed to the work bench. 


Fig. 368.—Substitute for a repair pit. 


Ques. How should the cylinders be assembled, especially those 
cast in pairs, or en bloc? 

Ans. In assembling without assistance, especially where 
the weight is considerable, the cylinders should be assembled 
with the pistons in their respective places, to avoid holding 
up the heavy casting while fitting the pistons. 


Ques. What should be done after removing the cylinders? 

Ans. Before taking down any other part of the car, 
it is a good plan to first clean out the cylinders with kero- 
sene to soften deposits of carbon adhering to the walls. 
If the deposit be light, this soaking may be all that is 
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necessary, but where a considerable amount of carbon is 
present, the walls must be scraped either with a suitable 
carbon scraper, sold for the purpose, or with a file bent and 
sharpened to a cutting edge. 

Ques. What attention should be given to the piston rings? 

Ans. They should be cleaned; if any black streaks be 
found, it is a certain indication of leakage. All worn piston 
rings should be replaced. 

Ques. How should the wrist pin be treated? 

Ans. It should be examined for looseness and wear. 
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Fig. 369.—Sectional view of cylinder showing bevel at the end of the bore 
which is provided to facilitate the insertion of the piston. 


It is important that the pin be a tight fit, otherwise it may 
work out and injure the cylinder walls. A loose piston pin may 
be due to the set screw becoming loose, or it may be caused by 
wear. In the latter event, the pin should be replaced with a new 
one of the proper diameter and length. . 


Ques. What preparation should be used in grinding the valves? 

Ans. A mixture composed of emery, of the grade known 
as 120, mixed with kerosene and a few drops of heavy lubri- 
cating oil to give the mixture “‘body”’ is goed for this purpose. 

Ques. How are the cam shafts removed? 

Ans. In most cars the cam shafts are removed by taking 
off the covers of the case which encloses the timing gears 
and pulling the cam shafts through this opening. 
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a onal What precaution should be taken in assembling a cam 
shaft ? 


Ans. Care should be taken to see that the mark on the 
crank shaft gear registers with the mark on the cam shaft 
gear. 

Ques. How should the radiator pe cleaned? 

Ans. Cleaning the radiator of grease or any scale that 
may have accumulated is best done after the car is reas- 
sembled and in running order. In cleaning the radiator, a 
cleaning mixture is made by dissolving one-half pound of 
lye in a bucket of water, stirring until dissolved. This 


Fig. 370.—A useful tool for removing piston rings, 


should be strained and the radiator filled with the mixture. 
The engine should be run for five minutes and then allowed 
to stand for one-quarter of an hour. The mixture may now 
be drained off and the radiator filled with clean water. ‘The 
engine is again run for a few minutes, after which the 
radiator is drained and refilled with a fresh supply of water. 
The foregoing treatment will remove any grease deposits 
in the radiator. 

Ques. What attention should be given to the transmission? 

Ans. ‘The transmission cover should be removed and the 
gears examined. As most transmission systems are fitted 
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with annular ball bearings, only a good cleaning to remove 
old grease will be required. In case any gears are badly 
worn and their edges chipped, they should be replaced with 
new ones. 


Ques. How should the clutch be taken down? 
Ans. The exact mode of procedure varies with different 
clutches. Usually a multiple disc clutch may be removed 


Fig. 371. Dash equipment of a modern car. A is a mahogany cover 
over the auxiliary gasoline tank; C represents the dash coil of the Bosch dual 
ignition system, P is the pump by means of which pressure may be supplied 
to the gasoline system and G is the gauge which tells how much pressure 
is on the gasoline system. V is the automatic pressure valve, shown in dotted 
lines, it being on the back of the dashboard under the hood; Al is the accel- 
erator foot pedal. If the pressure on the gasoline system be not sufficient to 
cause the gasoline to flow into the auxiliary tank A, there will be a shortage 
of gasoline which will be indicated by opening the cock in the bottom of the 
tank, If it be desired to examine the carburetter to the extent of taking off 
the cover of the float bowl. the cock C1 may be closed to shut off the flow of 
gasoline to the carburetter, 


as a unit; in other forms, the shaft connecting the shifting 
sleeve may be uncoupled, which gives sufficient room between 
the clutch and gear box to take the clutch apart. If the 
latter be of the cone type, it may be found that the leather 
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face is badly worn, and that a new leather is necessary. 
This is not a very difficult job, but requires painstaking 
work. 


Ques. Describe the proper method of removing worn leather 
from the cone. 


Ans. This is done by cutting off the rivets on the under 
side and driving them through to the outside. The old 
leather should be kept for use as a pattern by which to 
cut the new piece. It will be better, however, to purchase 
from the factory a new leather of the proper width and 
thickness. 


Ques. How is a new leather attached to the cone? 

Ans. As a new leather will have considerable ‘ give” 
it must be stretched tightly over the cone. One end of 
the leather should be cut square and fastened to the cone 
with two rivets and the other end brought around to meet 
the fastened end. After tightly stretching it over the 
small end of the cone with a single rivet, the leather is then 
forced up onto the cone, holes drilled out and countersunk, 
and the leather riveted. The only knack in the operation 
is to keep the leather tight so that it may be a snug fit 
on the cone. A loose leather will naturally be a failure. 
After the leather has been forced into its place, the uncut 
end should be trimmed to make a good joint. Any uneven- 
ness may be trued with a file. ‘The new leather will readily 
absorb several applications of castor oil before it becomes 
smooth and pliable. 


Care should be taken that the rivet heads are countersunk 
below the surface of the leather. In case they work flush, owing 
to the wearing down of the leather face, they should be again 
riveted. The “biting’’ or jerky action of a cone clutch may be 
traced to the rivets working out, and this will frequently prevent ° 
the clutch being readily disengaged. Re-riveting will prove an 
effective remedy in this case, and considerable additional service 
may be had from the leather before it wears down to the rivet 


heads. 
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Ques. What attention should be given the differential gear? 


Ans. It should be tested to locate any wear or side 
play. ‘This may be done by jacking up the rear axle and 
turning one wheel forward and backward while the other is 
held stationary, noting how far the wheel must be tuined 
before the movement is taken up by the fly wheel of the 
engine. Any noticeable play will generaily be found either 
in center pinions or studs of the differential gear, in the large 
and small bevel gears, in the clutch sleeve, or in the universal 
joints. 

The differential gear and live axle seldom give trouble if kept 


properly lubricated, and the mileage should run up into many 
thousands before any considerable amount of play is evident. 


Ques. How is wear in the bevel gear taken up? 


Ans. The small gear is adjusted to mesh deeper with its 
larger mate. This may be done by means of the adjustable 
locking ring or by inserting a washer of the proper thickness. 

It may be found, however, that no adjustment is necessary, 
and a thorough cleaning with gasoline to remove all oil and grease 


will be all that is required. The case should then be refilled with 
the quantity of oil and grease recommended by the manufacturers. 


Ques. What attention should be given to the universal joints in 
case of wear? 


Ans. The joint pins should be replaced with new ones 


Ques. How is the lubrication system cleaned ? 


Ans. The oil pipes or “leads” which conduct the oil to 
the bearings should be removed and all oil washed out by 
forcing gasoline through them. Care should be taken that 
the passages of all oil leads are clear and unobstructed. 
The oil pump should be taken apart and given a thorough 
cleaning with gasoline. The sight feed lubricator on the 
dash should also be cleaned out and the glasses wiped and 
washed out with gasoline. 


PLATE—CAR PROPERLY PLACED FOR WINTER STORAGE. 


Except in localities where winter temperatures are apt to be extraordinarily low, or during 
peed: of unusually heavy snow fall, most drivers prefer to use their cars throughout the 
winter, 

For those who desire to lay the car up for a part of the cold season, with every prospect 
of obtaining the best service from it when it is again put in commission, the following advice 
will be of value: : 

Remove the tires from the wheels and find a suitable place for them where they will not 
be subject to extremes in temperature. For extra good care wrap the tires in canvas or paper, 
previously sprinkling them well with French talc, soapstone, or sulphur. 

If you do not wish to remove the tires, you should at least jack up all four wheels and let 
the air out of the tubes. 

The inside of the wheel rims should be cleaned thoroughly and a coat of enamel applied 
to the inner surface where the tire comes in contact with the rim, to prevent rust, which has 
a damaging effect on the fabric of the tire. 

There are various preparations used to preserve the brightness of metal surfaces, such as 
lamps, radiators, the rims of windshields, etc., but the cheapest is common slab oil which may 
be purckased of the Standard Oil Company. Where this cannot be procured, gun grease, cos- 
mic, or even vaseline will afford excellent protection, 

The top of the car should be opened and cleaned, The axles should rest on wooden blocks 
particularly if the storage place is apt to be damp during the winter. : 

Th: water, of course should be drained from the cooling system, to prevent tts Sreezing 
which would do considerable damage. Open the drain cock of the radiator, and to remove the 
water as completely as possible, rock the car a few times. It may happen that a little water 
remains in some portion of the cooling system, and the owner who takes no chances should 
pour about a quart of denatured or wood alcohol into the radiator after the water has been 
drawn off. Then, even if a little water should have remained in the piping or jackets its admix- 
ture with the alcohol will absolutely prevent freezing. 

This method is much better and safer than the one advocated occasionally, which consists 
of draining the water from the radiator and jackets and then running the engine for a short 
time so that the resulting heat may dry the remaining water. With the latter method there 
is always danger of overheating the engine, for which reason it is best to avoid it and to rely 
on the alcohol. 

If the car is to remain out of commission for a considerable period it may be well to 
fill the cylinders with kerosene. 

Before putting the car again into service it is well to go over it carefully. Tighten all 
nuts, clean the transmission and differential and repack them with grease. 

Examine clutch lining and, if necessary, renew it. 

Drain oiling system and re-fill. ‘ 

Take up the steering gear and go over the adjustment of the brakes. 

Take a look at the wheels; if any of the spokes have become loosened, due to shrinkage 
of the wood, tighten up at the flanges. 

Clean the wheel bearings and pack them again with lubricant. 
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PLATE — AD- 
JUSTING THE 
STEERING 
GEAR OF THE 
OVERLANDCAR. 


With continued 
use, the steering 


mechanism may in- | 


dicate’ more or less 
wear by a_looseness 
of the steering wheel. 


This wear is un- 
avoidable because 
the steering mech- 
anism is in action 
at all times and per- 
forms considerable 
work in keeping the 
front wheels of the 
car in the desired 
direction. 


I 


ADJUSTING NUT 
CAP SCREW 
GREASE CuP 
STEERING ARM BALL 
—ECCENTRIC BUSHING 


To correct play in the steering gear, first jack up the front of the car so that the steering 


apparatus may be moved freely. Then loosen the two clamping bolts. 


Now turn the slotted 


adjusting nut to the right until the steering wheel no longer has any lost motion. 


Next turn the steering wheel hard around and adjust the worm gear by turning the eccentric 


bushing. Make this adjustment with the steering wheel turned to the extreme right and left, 
because the steering gear is bound to wear most in the center on account of nearly all the car’s 
travel being straight ahead. 


After the bushin 


its adjustment, it w 


bolt. 


has been adjusted on several occasions and the play remains in spite of 


be necessary to remove the ball arm by first removing the clamping 


Then turn the steering wheel one and one-half times around. ‘This will present a new surface 
(there are four surfaces), to the worm. Make adjustment as before, of course replacing the ball 


Be careful to have everything tight after adjustments have been made. 
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Ques. What is the method of overhauling the steering gear? 


Ans. It should be, taken down, given a thorough clean- 
ing, and examined for possible wear. In case the steering 
action be stiff and the wheel turn hard, the ball joint may be 
out of adjustment due to wear; the steering link may be 
bent, or the cause may be insufficient lubrication. If there 
be any considerable amount of back lash, the cause may be 
looked for in the joints of the levers, in the swivel pin, in 
loose bearings, or in wear of the worm and sector. Another 
common cause of back lash is often found in the wheels, which 
work out of alignment. It is essential that all moving parts 
of the steering gear be well lubricated. ¥ 


The distance rod is easily bent, which throws the front wheels 
out of line. This is the common cause of “side slip’’ which rapidly 
wears out the tread of the tire. The bent rod should be uncoupled 
and carefully straightened. On many cars, however, the rod is 
designed to be bent, in order to clear other parts. 


Ques. What attention should be given the wheels? 


Ans. Each wheel should be removed and examined at 
the hub to see if the spokes have become loosened through 
shrinking. Although this is not a common fault, it is, 
nevertheless, worth looking for. If slightly loose, the bolts 
which secure the two side flanges together, should be 
tightened and the bearings cleaned with gasoline. Any 
ball or roller which is found damaged must be renewed. 
If rust has accumulated it should be removed with a 
scraper or sandpaper (a painter’s wire brush is a handy 
tool), and, when perfectly clean, the rim should be coated 
with beeswax. This may be applied with a clean, paint 
brush if the wax be heated to a liquid state. This will 
effectually prevent further rusting of the metal, and will do 
much to preserve the life of the tires. 
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Figs. 372 to 377. Overhauling the chain; fig. 372, features of a riveted 
chain. ‘To take apart this type of chain recourse is made to 4 special section 
of heavy channel iron and a plate which is recessed to receive a link of 
chain as illustrated in figs. 374 and 375 or to a special tool such as 
is shown in fig. 373. ‘Two errors frequently made consist in an effort 
to remove the pins of the chain as shown in figs. 376 and 377. ‘To 
assemble the chain, the parts should first be smeared with graphite and 
grease, and the roll slipped on; the ends of two side links are then pressed on 
to*the ends of the bushing, which is designed for a driving fit, that is, a few 
light taps of a hammer should be all thatis necessary to drive the links up to 
the shoulder on the ends of the bushing. ‘he rolls and bushings at both ends 
of the link, of course, are assembled at the same time. ‘To complete the as- 
sembly, the connecting side links are driven on to the ends of the pins, which 
are designed for a force fit, and the ends then are lightly peaned over a mere 
trifle to secure them. ; 
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Ques. How are the brakes overhauled? 

Ans. If worn, the old lining should be replaced with 
new. If the brakes be of the internal expanding type, the 
shoes may have become worn, in which case they should be 
renewed. Toggle joints and adjusting nuts should be in- 
spected and any looseness taken up. Brakes should be 
adjusted on the road, as any improper adjustment of the 
equalizer bar will have a tendency to make the car skid. 
Both brakes should be adjusted alike in order that the 
braking force applied by the equalizer may be transmitted 
to the wheels equally. 


Ques. What attention should the tires receive? 

Ans. ‘They should be cleaned of the old chalk on the 
inside of the shoe. If badly worn on the treads, but other- 
wise in good condition they should be sent to the factory 
to be retreaded. A tire should never be kept on the car 
after the rubber tread wears down so as to expose the 
fabric. Any small cuts and holes should be washed out and 
filled with rubber solution. Inner tubes should be tested 
for leaky valves, and patches attended to without delay. 
The old casings and tubes may be made to give considerable 
additional mileage by using them on the front wheels, where 
the strain is not so severe. 


Ques. In overhauling the ignition apparatus, what should be 
done? 


Ans. Worn tires should be replaced with new ones to 
guard against breaks or partial breaks. A timer should be 
cleaned with gasoline and lubricated with light oil. The 
magneto need not be taken apart, as it will probably only 
need a little surface cleaning, and a few drops of oil; the 
amateur had better not meddle with its internal mechanism. 
The storage battery should be examined, and if the brown 
deposit collect in any quantity at the bottom, the electrolyte 
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should be poured out into a glass bottle and the battery 
washed with clear water (rain water preferred). 


Ques. What parts of the battery should be thoroughly cleaned? 


Ans. ‘The air vents, the top, and the terminals; the top 
should be kept free from acid, and the terminals free from 
corrosion. 


Sort Iron KoEeper 


Fig. 378. One method of magnetizing a magnet. A coil of wire is 
wound around one leg of the magnet and one terminal connected toa storage 
battery.. When the coil of the insulated wire has been wound around the 
magnet and the soft iron keeper is in place the battery is short circuited 
several times by holding the loose end of the wire Ain the hand and wiping 
it across the terminal of the battery. The resistance to an effort to remove 

~ the keeper will indicate the extent to which the magnet has become 
magnetized. 


Ques. What other attention should be given the battery? 


Ans. In case the battery be badly sulphated the elec- 
trolyte should be emptied and the case thoroughly washed 
with soft water. ‘The case is then refilled with about seven- 
eighths of the electrolyte and the remainder with soft water. 
If the plates be broken down or “buckled,”’ or if the paste 
has dropped out of the pockets in the grids, the battery 
should be sent to the manufacturer for repair. 
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PLATE—WASHING THE CAR—Text continued 


Most bodies go through no fewer than twenty-two operations in the paint shop. Intelligent 
care will preserve that, finish a long time, while carelessness in washing and cleaning may 
shorten its lasting qualities materially. 


The rubber hose commonly used in garages is perhaps the best method of cleaning the lower 
portions of the car, such as wheels, axles, frame, mud guards, but unless used carefully it is 
positively injurious when used on the body and finished surfaces. The force with which the 
stream of water strikes the varnish causes the sand and grit adhering to the body to be driven 
into the polished surface, destroying its brilliancy, and no amount of polishing and rubbing 
will restore the former luster. 


For washing use cold or tepid water, and if you prefer the hose, let the water flow without 
much force. Do not direct the stream of water too strongly against the wheel bearings, since 
moisture is apt to enter them, causing them to rust. | Where no hose is available, an ordinary 
garden sprinkling can is just the thing. Soften the dirt and wash it off completely with one 
ortwo more sprinklings; then dry the surface with a soft sponge. Still better, have two sponges, 
one for the running gear which usually gathers considerable oil, grease and dirt, and one for 
the body, hood, top of mud guards, etc. 


Take care to soak the water out of all recesses where it might cause rust. When thoroughly 
dry, polish with a piece of chamois. 


Many owners use a mixture of cylinder oil and kerosene which they apply to the body, 
rubbing it dry immediately afterwards. 


When it is necessary to clear the radiator spaces of accumulated mud, you should flush the 
radiator from the rear, not from the front. In that way you avoid getting water into the mag- 
neto, which is often short circuited when moisture enters it. 


A much recommended body polish is made by mixing the following ingredients: 


Turpentine 1 gallon Oil of citronella 314 ounces 
Paraffine oil 1 pint Oil of cedar 144 ounces 


Another scheme is to use a mixture of boiled linseed oil and turpentine, applying it sparingly 
and rubbing absolutely dry. The use of these polishes will restore even an old car to a degree 
of brightness that will please the owner. 


Tops.—Mohair tops should be frequently dusted and brushed off. Pantasote tops and 
curtains are best cleaned with a soft brush dipped in water to which a little ammonia has been 
added. Afterwardsrub dry. Never attempt to clean top and curtains with gasoline or kerosene. 


Do not fold the top until it has become thoroughly dry, because any moisture remaining 
in the folds is apt to cause mildew, besides making the top leaky and unsightly with spots, 


When a car is not used for some time, it is best to open the top, which keeps it well stretched 
and smooth. 


_ Leather Upholstery.—Do not use gasoline in cleaning leather upholstery. Plain water 
with a little ammonia wrill remove the dirt and a brisk rubbing with a clean woolen or flannel 
cloth will do the rest. For still more carcful treatment use a regular leather dressing. 


Cloth Upholstery.—Do not use an acid solution in cleaning cloth upholstery. Cloth is 
not affected by climatic conditions and withstands both heat and cold, and having no oil in 
its make up, does not pick up or hold dust readily. 


To remove ordinary dust, beat cushions and backs lightly with stick or carpet beater, then 
remove dust with whisk broom or brush. 


_ Grease or oil may be removed by the application of a solution of luke warm water and 
ivory soap applied with a woolen cloth. Any of the approved methods for cleaning woolen 
cloth may be used with success on this upholstery. 


Gasoline and benzine have a tendency to spread instead of remove the dirt. 


Brass and Nickel Trimmings.—Any good brass polish will work satisfactorily. All 
these preparations contain some fine abrasive, for which reason care must be taken not to let 
the polish come into contact with the varnished body surfaces. Nickeled trimmings should be 
rubbed over with an oily rag; that will keep them bright without polishing. 


Lamps.—You will have little occasion for cleaning the lamp reflectors, because the electric 
lights produce no soot. Now and then, however, it is well to carefully blow out any dust which 
may have collected on the reflecting surfaces. Then dip a small piece of absorbent catton in 
alcoho! and lightly wipe over the surface—always from the back to the front. 
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Ques. How is the ignition coil overhauled? 


Ans. The contact points will probably require adjust- 
ing. This is easily accomplished by truing the points with 
emery paper. The metal should not be rubbed away 
unnecessarily, only removing enough to true the points so 
that they make good contact. In adjusting the vibrator, 
it should be remembered that the tension is ‘much better 
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Jig. 379. Method of withdrawing fly wheel from crank shaft and the 
tocl used for the purpose. 


light than stiff. A light flexible vibration with a mod- 
erately high pitched buzzing note will not only give a better 
spark but will keep the points in bettershape. A heavy ten- 
sion will make the coil less responsive, and will pit the con- 
‘tact points and exhaust the battery more quickly. As a 
coil will render the most efficient service only when the 
vibrators are adjusted as nearly alike as possible, a special 
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ammeter is often used to determine the current consumption 
of each unit. The ammeter should show a reading of 6-10 
amperes. 


Ques. What method should be followed in assembling? 


Ans. ‘The parts should be assembled as soon as possible 
after taking down and cleaning, to guard against loss. In 
assembling the car, the engine had best be put together first. 
When putting the pistons in their respective cylinders, 
the splits or joints in the piston rings should not be in line, 
but spaced evenly around the piston. It is important that 
all parts be thoroughly clean and that no grit or stray strands 
of waste remain on any projection. All nuts and bolts 
should be screwed tight, being careful to properly adjust 
the jaws of the wrench to them, so that the corners of the 
nuts and cap screws may not be injured. Cotter pins 
should be inserted after each nut has been screwed home. 
In joints where packing is required, the old packing may be 
used if it be in good shape. Joint faces, should, of course, 
be perfectly clean. A stout grade of manila wrapping 
paper soaked in linseed oil will make an excellent packing 
for crank case and other joints having a good contact surface. 


Ques. When and how is the valve timing checked? 


Ans. It is well to do this while the engine is being 
assembled. To check the valve timing, the fly wheel is 
turned until the inlet valve plunger of #1 cylinder just 
touches the lower end of its valve stem, At this point the 
line on the fly wheel indicating “inlet +r open” should 
coincide with the pointer on the engine base. If the con- 
tact between the valve stem and the plunger be made before 
the mark on the fly wheel lines up with the pointer, the 
valve opens too early, in most cars the adjustment may 
be made by the sc-ew cap and lock nut on the plunger. 
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Ques. What attention do the valve stems sometimes require? 

Ans. As the valve stems are lowered by repeated grind- 
ing of the valves, the plungers require adjustment occa- 
sionally te compensate for this movement. A piece of 
paper should be inserted between plunger and valve stem, 
and by lightly pulling on the paper the time of contact and 
the moment of release may be determined to a nicety. 
When the paper is held tightly, a good contact is secured, 
the moment the paper becomes loose and can be moved 


/} 
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Fig. 380. Method of adjusting valve tappets. She space between the ad- 
jacent ends of the push rods and stems should be between sz and zy inch. Jn 
the absence of a suitable steel gauge, a common business card may be used. ‘The 
card C is foided once and slipped between the ends of the stem and tappet, 
the lock nut N is loosened, and the stud S screwed up or outward until it 
just begins to pinch the card preventing it sliding about as readily as at 
first. The gard: is then removed and the lock nut tightened. When both the 
inlet and exhaust valves have ‘been adjusted in this manner, each one should 
be individually tested with a single thickness of the card to see if the valves 
remain tightly closed throughout their required period. This is best done by 
sliding the single thickness of card gauge back and forth as the engine is 
being turned slowly from the closing to the opening points of each valve. 
The marks on the fly wheel may be used to advantage in this operation if 
accessible, but they are not necessary. The card may be moved under a 
stem and the engine turned until the card is seized, indicating valve opening, 
then a little further until it is free again, which marks the closing of the valve, 
now, by turning still further and continually sliding the card about, if the 
card be not seized before the regular time for the valve to open, according to 
either the position of the piston or crank handle, the adjustment is about 
right, and if the card be prematurely seized the space is insufficient, The 
valve in each cylinder should be adiusted in the same manner. 
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about, the contact is broken. In many cars the reference 
or index mark on the engine bed is omitted; in this case the 
markings on the fly wheel must be brought directly to the 
top. The other inlets and the exhaust valves should then 
be similarly checked up and adjusted. 

Ques. What clearance is usually allowed between valve stem and 
plunger rod in timing? 

Ans. About jd inch when the valve is closed. This 
may be taken as the minimum amount, and should not be 
increased. A larger ainount of clearance will cause the 
exhaust valve to open too late, and the exploded gases, not 
being entirely expelled, the power of the engine will be 
impaired. 


Ques. Why is this clearance necessary? 


Ans. To allow for the expansion of the valve stem when 
it becomes heated. 


Ques. What may be said about “system’’ in overhauling a car? 

Ans. ‘Too much stress cannot be laid on the necessity of 
going about the work in an orderly and methodical manner. 
A mechanic who leaves parts lying about carelessly will 
rarely be found a good one, and certainly he is not a proper 
model for the amateur to copy. With a little “horse sense”’ 
in applying the directions to his particular make of car, the 
amateur owner should have no difficulty in making a good 
job of overhauling, thus bettering the condition of his 
machine, and at the same time acquiring a valuable stock 
of knowledge for the future. 
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PLATE—CONTROL AND ARRANGEMENT OF INSTRUMENTS ON COWL 
APRON OF THE HAYNES CAR. 


The various devices are as follows: 1, spark lever; 2, horn button; 3, throttle lever; 
4, priming button; 5, carburetter adjustment; 6, ignition switch; 7, circuit breaker indi- 
cator; 8, lamp switches; 9, speedometer; 10, clutch pedal; 11, brake pedal; 12, starter 
button—on floor; 13, muffler cutout—on floor; 14, gear shift lever; 15, emergency brake 
lever; 16, foot accelerator button. 


In operation, pressing down on the clutch pedal “‘C’’ releases the clutch—that is, disen- 
gages the clutch. It should always be allowed to return to its normal position very grad- 
ually so as to apply the power of the engine gradually. The pedal “‘B” operates the service 
brakes. If these pedals be not at a comfortable distance, they can be moved closer or far- 
ther away by the adjustment under the floor reached from the front of the dash. 

The center lever extending through the floor nearest the steering wheel is the gear shift 
lever. The other lever operates the emergency brakes. y 

When the gear shift lever is in its center position, perpendicular to the floor, it is in the 
neutral position—that is, no gears of the transmission are in mesh, and the car will not move, 
even though the engine be running and the clutch be engaged. It is often helpful to shut off 
the engine entirely, and then go through the steps of shifting the gears. 

Pulling the gear shift lever to the left and back gives the correct. position for first or low 
speed. ; 

: Shifting the lever back to the neutral position and then to the right and forward, gives 
the second or intermediate speed. Pulling the lever back and to the right gives the third or 
high speed. The reverse speed is obtained by shifting the lever from neutral position to the 
left and forward. In going from first to second speeds, or to the reverse, it. is always neces- 
sary that the lever be shifted to the neutral position first and then to the desired position. 

Try shifting the lever to each position several times to become acquainted with the different 
positions. Always bring the lever to nettral position so that no gears will be in mesh when 
the engine is started again. 


i 


STARTERS AND LIGHTING SYSTEMS 


TABLE OF CONTENTS 


Starters and Lighting Systems - - - - = = 1 to 4§ 


Nature of the gas engine cycle— starting conditions — 
difficulty experienced in hand cranking — starting with 
non-adjustable primary air—objections to starters — 
Classes of starter: mechanical; compressed air; gas; 
electric — mechanical starters—how they operate — 
construction — Knapp starter — Volkman mechanical 
starter compressed air starters—classes of com- 
pressed air starter; distributer; air motor— how these 
two types work — “Never miss’’ starter — Kellogg air 
system — Crescent air system— Winton system — air 
crank of Crescent system — points relating to air starting — 
air turbine starters — Thurber rotary starter — gas starters 
— Niagara gas starter — starting on the spark — Prest-o- 
lite gas starter — electric starters — advantages of elec- 
tricity; objections types of electric starter: one unit 
systems; two unit systems; three unit systems — com- 
ponent parts: I, motor dynamo; Ila, motor and dynamo; 
IIlé, motor dynamo and _ separate magneto; motor, 
dynamo, and magneto all separate—function of the 
battery —U. S. L. starter—hydraulic analogy of the 
Delco system — Leece-Neville system as installed on the 
Haynes car— wiring diagram of the Jones ‘‘Jesco’’ system — 
Entz single unit starting and lighting system — character- 
istics of lighting and ignition batteries — battery rating — 
principle difference between lighting and storage batteries — 
wiring diagram of Deaco single unit starting and lighting 
system—Adlake-Newbold regulator—choice of voltage 
— wiring diagram of Adlake lighting and starting system — 
pressuires used on various starting and lighting systems — 
characteristics of six volt lamps— wiring diagram of the 
Deaco two unit starting and lighting system — one unit 
systems — wiring diagram of Electro one unit starting, 
lighting and ignition system — wiring diagram of Auto- 
lite two unit starting and lighting system — wiring dia- 
gram of Wagner two unit starting and lighting system — 
Wagner starting motor— Wagner dynamo— Electro 
system example of one unit arrangement — Wagner relay 
—diagram of Ward Leonard two unit system — com- 
pound differential winding — exploded view of Wagner 


STARTERS AND LIGHTING SYSTEMS 


STARTERS AND LIGHTING SYSTEMS—Continued. 


starting switch—two unit systems—two classes — 
wiring diagram of Esterline two unit lighting and starting 
system — typical wiring diagram of Westinghouse start- 
ing, lighting, and ignition system — diagram of electrical 
and mechanical connections of motor and switch for fly- 
wheel drive of Westinghouse starter — part of Westing- 
house starting motor for fly wheel and crank shaft drive — 
parts of Westinghouse ignition and lighting dynamo — 
Westinghouse interrupter—three unit systems — 
Gray and Davis systems with grounded method of wiring 
—Gray and Davis with metallic circuit — junction 
switch of Gray and Davis grounded system — Gray 
and Davis discriminating cut out— Gray and Davis 
over running clutch — description of Delco system — 
Ward Leonard discriminating cut out— National dash 
unit with cover removed — methods of control — Rush- 
more method of control—operation of Rushmore 
starter — description of a discriminating cutout or 
reverse current circuit breaker — wiring diagram of 
Rushmore dynamo and discriminating cut out — Rush- 
more “‘ballast’’ coil— Rushmore discriminating cut out 
Ward Leonard control. 


. PLATES 


1 
ROAD ILLUMINATION BY ELECTRIC HEAD LIGHTS. 


2 
DELCO STARTER SYSTEM AS APPLIED TO THE COLE CAR. 


3 
REMY STARTING SYSTEM AS APPLIED TO THE MITCHELL CAR, 


4 


OVERLAND ENGINE EQUIPPED WITH U. S. L. ELECTRIC STARTER, SHOW- 
ING HOW TO CLEAN THE COMMUTATOR WITH A STICK OF WOOD. 


5 
WIRING DIAGRAM OF WESTINGHOUSE IGNITER AND LIGHTING SYSTEM. 


6 


THE LEECE-NEVILLE TWO UNIT ELECTRIC STARTING AND LIGHTING 
SYSTEM. 


Z 
ELECTRIC VAPORIZER AND CONNECTIONS. 


8 
GRAY AND DAVIS SELF STARTER AS INSTALLED ON THE LOZIER CAR, 


9 


WIRING DIAGRAM OF ELECTRIC SYSTEM FOR SELF STARTER AND LIGHTS 
AND HORN, AS INSTALLED ON THE LOZIER CAR. 


10 


PHANTOM VIEW OF DYNAMO OF THE GRAY AND DAVIS TWO UNIT START. 
ING AND LIGHTING SYSTEM. 


il 
THE VULCAN ELECTRIC GEAR SHIFT; HOW IT WORKS. 


STARTERS AND LIGHTING SYSTEMS 1 
a ey 


STARTERS AND LIGHTING SYSTEMS 


In summing up the merits of the gas engine as a prime mover, 
there is one inherent defect that cannot be overlooked—the 
fact that, on account of the nature of its cycle of operation, it 
is not self-starting. It must be turned by some external force 
until the proper mixture has been drawn into the cylinder; 
compressed and ignited before it will start, unless perchance 
an unignited mixture be left in the cylinder and the piston be 
in the proper position; then by igniting the unburned charge 
the engine will usually start. 


A difficulty sometimes experienced in cranking an engine by 
hand is to get the proper mixture, especially in the case of a 
large engine having a carburetter with no hand control of the 
primary air supply. 

Because of the power required to turn the engine, it is usu- 
ally turned too slow by hand to obtain enough suction, that is, 
pressure reduction in the mixing chamber, to draw in the 
’ proper amount of gasoline, and the mixture fails toignite. This 
is especially the case if the car be standing on a hill so that 
the float level is lowered with respect to the nozzle; for in float 
feed carburetters, the fuel level being lower than the nozzle, an 
initial suction is required to bring the liquid to the nozzle and 
an additional pressure reduction, to cause it to discharge. 
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When the primary air supply is not adjustable, the usual 
. procedure where trouble is experienced in obtaining the proper 
mixture, is to partially close the primary air passage (while 
cranking) either with the hand or by placing some obstruction 
in the passage. To overcome these difficulties and to relieve 
the operator of the physical effort and inconvenience of cranking, 
starters have been applied to engines and now form part of 
the regular equipment. 


ins 
0, 
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Fic. 1.—Boston mechanical Starter designed especially for Ford car model T. The illustration 
shows the starter on car with fan and radiator temporarily removed. 


The chief objection to these devices is the considerable addi- 
tional mechanism to be cared for as well as the extra expense; 
but in the majority of cases these are more than offset by the 
elimination of hand cranking. 


The delay of automobile manufacturers in developing starter systems 
and fitting them to their cars resulted in devices being placed on the 
market by individual designers, though crude as they were in the begin- 
ning, caused an immediate demand for Starters by the public, which 
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was followed by efforts of the makers to supply their cars with starters. 
This naturally resulted in some very unsatisfactory rigs. The evidently 
immature applications of starting devices were noticeable on all sides. 
Such makeshift rigs naturally were more or less unsatisfactory and 
caused a prejudice which has not entirely disappeared, though tuere is no 
reason for a continuance of such prejudice, as the subsequent develop- 
ment has resulted in a number of starters that are highly satisfactory. 


Fic. 2.—Interior of Ford car equipped with the Boston mechanical starter (made by the 
Automatic Appliance Co., Boston, Mass.); view looking toward dash and showing starter 
handle. 


Classes of Starters. —The engine starting mechanism requires 
deep thought and engineering skill to properly apply it to an 
automobile, that is, making it an integral part of the car, pref- 
erably a part of the engine mechanism. ». The trend of design 


um ul 
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is to reduce the added complication of the starting mechanism, 
—one of the chief objections against starters. 


The various starting systems may be divided into the follow- 
ing classes: 


1. Mechanical, 

2. Compressed air, 
38. Gas,’ 
“4. Electric. 


“Mechanical Starters.—What may be termed the purely 
mechanical means for starting is that of utilizing the energy 


Fic, 3.—Knapp mechanical starter for Ford cars. 


of a spring to crank the engine. Starters of this class consist 
of a powerful spring or springs contained in a casing about the 
size of a headlight and in some cases not unlike the latter in 
form. 


The spring unit is so arranged that it is wound up by the 
engine in about twenty or thirty revolutions of the latter; an 
automatic device then releases the winding mechanism and the 
spring held by a brake or equivalent means. The tension of 
the spring is sufficient to overcome the compression of the engine 
and turn it several revolutions at a speed sufficient to insure 
ignition even by the magneto. 


STARTERS AND LIGHTING SYSTEMS 5 


In case the engine fail to start, the spring may be rewound 
by hand by turning a small detachable hand crank; this acts, 
through a system of reducing gears, so that little effort is neces- 
sary. The engine may be turned by hand without interfering 
with the starter and, in case of back fire, the starter is automati- 
cally thrown out of gear. 


Fic. 4,—Interior of Ford car showing control of Knapp mechanical starter. In operation, 
successive strokes of the foot lever A, compresses a spring to 350 lbs. pressure, which is 
released to start the engine by pressing with foot on trip lever B. 


There is another class of spring starter, which does not receive 
its energy by being wound up by the engine. The winding is 
done by the operator from the seat by several strokes of a ratchet 
foot lever. When the spring has been wound, it is released by 
pressing a trip lever with the foot. 


Volkman Mechanical Starter.—This is of the spring type and is 
illustrated in figs. 5 and 6. One end of the spring is hooked into the 
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Tesh Sheen shane: 


Fic. 5.—As embly of Volkman mechanical starter. 10. post for releasing cable; 11, 12, lock 
nuts, 13, swivel on release lever; 14, release lever; 15, flange on spring case; 16, releasing 
cable; 1, spr ng holding clutch; 18, flang= for brass sleeve. 


Fi 6.—Volkman mechanical starter partially disassembled. 1, universal brackets; 1a, 
clamps; 1b, right and left side members; lc, right and left center members; 2, crank 
shaft coupling; 8, extension shaft; 3a and 3b, extension shaft couplings; 4, spring case; 
4a, center shaft coupling; 4b, holding clutch rim; 4c, oil hole; 5, brass cover; 5a, channel 
for brass sleeve and releasing cable: 6, trip pedal bracket; 7, brass sleeve for releasing 
cable; 8, trip pedal; 9, crank; 9a, detachable collar for hand rewinding; 10, post for 
releasing cable; 11 and 12, lock nuts; 13, swivel on release lever; 14, release lever; 15, 

a 


ange On spring case; 16, releasing cable; 17, spring holding clutch; 18, hole in fl nge 
for brass sleeve, 
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arbor upon which it is wound and the other end hooked int» a steel 
case which covers the spring. 


A pedal on the footboard connects with the starter, through the 
medium of a flexible steel cable. 


_Pressure on the pedal releases the spring, which turns the engine from 
six to twelve revolutions at high speed. 


Through the center of the arbor and independent thereof, runs a steel 
shaft. This shaft extends beyond the rear of the springs and is fitted 
with a coupling which engages a coupling in the crank shaft of the 
engine, thus making the crank shaft and the starter shaft as one piece. 


Keyed to starter shaft, so that it can move freely along it, is a sliding 
clutch, geared on each end. This clutch performs two functions: 


When the starter is at rest, the springs being wound, the center shaft 
and sliding clutch revolve freely with any movement of the engine. 


As soon, however, as the pedal used for tipping the starter is pressed 
down, the sliding clutch moves back and the gears on its back face en- 
gage corresponding gears on the face of the spring arbor, thus making 
the arbor, shaft and clutch as one piece. 

The same movement releases the clutch which holds the spring power, 
allowing the arbor and shaft to be acted upon by the springs, thus turn- 
ing the engine over. 

In front of the center shaft, and held in position with posts attached 
to the spring case, is an immovable plate and bearing, in the center 
of which revolves the rewinding pinion. 

The inner face of the rewinding pinion being geared to engage the 
gears in the face of the sliding clutch, and to the outer side of which 
is attached the holding clutch rim. 

After the engine has started and the foot is removed from the trip 
pedal, the sliding clutch is pulled out of mesh with the spring arbor and 
pushed over, so that the gears on. its opposite face engage with the 
rewinding pinion. 

The springs are then rewound through a series of gears from the 
rewinding pinion to the spring arbor, the reduction being about one 
to fifteen. 

When the spring arbor has made the required number of revolutions 
to rewind the springs to the same tension they were before being released, 
the sliding clutch is thrown out of mes) with the re-winding pinion and 
into neutral, by means of a Geneva gear, and the engine continues to 
run, without any of the starter being in motion except the center shaft 
and the sliding clutch. 

The spring power is held by a clutch. A detachable crank is provided 
for hand rewinding in case the engine fail to start. 
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-_ Compressed Air Starters.—Since on the modern automo- 
bile there is ample excess of power for running an air pump and 
room for a storage tank, the employment of compressed air as 
a form of energy for starting is a very desirable method, espe- 
cially in view of the simplicity of the apparatus and the fact that 
the supply of air under pressure may be used for the inflation 
of tires. 


With the large tires and high inflation pressures used, the 
elimination of hand pumping considerably enhances the value 
of compressed air starters. 


Fic. 7.—Kellogg self-starting system; view of pump and distributes. It is mounted on the 
engine and driven from some exposed shaft, such as water pump or cam shaft. A clutch 
is contained within the distributer for engaging the pump and can be operated from 
a convenient place on the dashboard. The distributer is timed at hilf the engine speed, 
so when the engine stops, it is in such a position that it will allow the air from the tank to 
rush into the proper cylinder and to each cylinder consecutively. Admitting the air 
from the tank to the distributer is accomplished by the simple pressure of a button on 
the dash. Aside from the foot valve, a hand valve is also provided as an extra precaution 
when the engine is to be left over night; 150 Ibs. of air is carried in the tank. 


The various compressed air starters may be divided into 
two groups, according to whether the system includes, 


1. A distributer, or 
2.. An air motor. 
In the first mentioned class the power for starting is applied directly 


to the engine pistons, and in the other class to an air motor, which 
is geared to the engine. 
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There are two elements common to both classes: an air pump 


and tank for storing the compressed air. 


Fic. 
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8.—‘‘Never miss”’ air starter; sectional diagram showing construction and operation. 
The starter is placed at the front of the car on crank shaft; dash valve on a portion of 
dash; and pump, which is a compound compresser, is driven by lay shaft of transmission, 
cam shaft, or geared from any moving shaft, running only at the will of the operator. 
The air tank is placed under the car. In operation, the driver presses down button A, 
which, due to lever O, raises valve N permitting air to pass from the supply tank through 
line C to D down to E of starter, through F to back of piston G, which causes rack I to 
revolvegearH. The latter in turn engages aclutch on shaft of engine, causing it torevolve 
with gear H as rack I passesoverit. When the engine starts, a clutch (not shown) frees the 
starter. When button A is released, the rack I returns automatically ready for another 
start. The complete operation is done as quickly as the button is pressed and released. 
The air bick of piston G is exhausted through pipe K, through orifice ]., and also at the 
bottom of the stroke of the piston at holes J. Exhaust ‘valve M and supply valve N, 
cannot be opened at the same time. Valve E in starter cuts supply from pipe F before 
piston reaches end of stroke, so that operator cannot waste air by continuing to press on 
button A. Incase of back fire, the end of rack I is blank, which allows gear to H to revolve 
free. After back fire, rack I is returned automatically to position, ready to start. A 
gauge on dash shows air pressure. A connection for tire inflation is also provided. The 
pump is controlled by operator by means of foot treadle; in case he forget, a safety valve 
on tank is set to blow at 305 lbs. 
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The system employed on the 
Winton cars dispenses with the 
air pamps and is very simple. 
It consists of outlets tapped into 
the third and fourth cylinders of 
the six cylinder engine and con- 
nected by copper tubing to a 
pressure tank of the same ma- 
terial; a distributer mounted on 
the engine itself, and driven at 
half engine speed; a dash gauge 
registering to 200 lbs.; a starting aK 
button and a shut off valve at 
the tank to prevent leakage when 
the car is allowed to stand idle 
for several days. AAR 

A portion of the energy of each \ es 
firing stroke of the cylinders in AN 
question passes into the tank iN 
and is trapped by means of check 
valves at the cylinder outlets. 


Fics. 10 and 11.—Air crank of Crescent airsystem, Fig. 10.—Normal position of air crank; 
fig. 11, action of cresent air crank in cranking the engine. To start engine: set 
spark as for hand cranking; 2, set gas lever as for hand cranking; 3, operate priming 
wire, if car be so equipped. In cold weather use priming device; 4, press air crank foot 
button I downward once, firmly but not too rapidly, and remove foot immediately; 
5, if motor fail to start, repeat No. 4, always permitting the air crank arm to return; 6, 
if engine do not start after third or fourth attempt, note if carburetter be flooded, or 
battery not working, or no gasoline, etc.; 7, avoid back firing of engine,—it places severe 
strains on the air crank; 8, don’t press air crank, push button I while the engine is 
yunning. To operate the compressor, 1, engine must be running at a moderate 
speed, only; 2, press clutch foot button M downward quickly, permitting catch to engage; 
8, release clutch foot button M when gauge shows desired air pressure,—250 lbs., watch 
the gauge; 4, do not engage compressor clutch at excessive speeds, slow down; 5, it is 
preferable to operate compressor while car is under_motion; 6, compressor gives the best 
results at about twelve to fifteen miles per hour. When tank is empty; 1, press down 
clutch foot button M (see fig. 9) until catch engages; 2, set spark, as for hand crank- 
ing; 3, set gas lever as for hand cranking; 4, remove the cap Y from the front of com- 
pressor exposing hand crank dog; 5, insert hand crank, turning slowly, until compressor 
clutch engages; 6, operate priming wire if car be so equipped; 7, crank the engine by hand, 
emergency crank; 8, don’t try to crank engine by pulling up on the air crank arm, you may 
injure your fingers; 9, after engine is in motion, replace cap Y on compressor, drawing 
screws up tight; 10, release clutch foot button M when gauge registers a pressure of 250 
lbs. 


Note—Points relating to air stayting—Compressor fails to pump: Leaky valve,— 
dirt under seat; persistent leaky valve,—grind in; valve sticking,—caused by carbonized 
or gummy oil, or dirt; leaky piston,—rings sticking due to carbonized or gummy oil. Joints 
and cylinder heads, valve plugs, or valve screws not drawn up tightly; pipe line between 
compressor and tank leaking. Air pressure does not hold—by wiping joints with a ged 
solution, a possible leak can_be located quickly; leaky joints,—either at hose valve G, 
controller I pressure gauge H, or tank connections. Also drain plug; check valve not 
seated,—dirt under same; controller valve not seated,—dirt under same; caps not drawn up 
tightly, either on check or control valves; hose valve stem not screwed down sufficiently 
er must be ground in, 
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ypes of pneumatic starters in which an air turbine is used. Fig. 12 shows the system of the pneumatic 
and fig. 13, the Thurber rotary cranker with four cylinder air pump. 


Fics. 12 and 13.—Two t 
rotary cranker, 


The distributer is timed in accord- 
ance with the firing order of the 
engine, so that upon releasing pres- 
sure from the tank by depressing the 
starter foot button, it operates the 
Same as a compressed air motor at 
a speed depending upon the tank 
pressure. 


The ignition current being turned 
on, a few turns usually suffice to 
cause the engine to take up its own 
cycle of operations, as the speed is 
ample to draw a mixture from the 
carburetter quickly. 


The charging system is entirely 
automatic, without the need of any 
controlling devices, as when the 
pressure in the tank reaches 200 Ibs. 
to the sq. in., it equalizes that of 
which the cylinders are capable of 
producing and no further charging 
occurs until there is a drop in the 
tank pressure. 


The Thurber rotary starter is 
one of the two cases in which the 
principle of the turbine is employed. 
This system operates by compressed 
air, furnished by the Kellogg four 
cylinder high pressure pump, which 
makes it possible to carry at all 
times 200 pounds air pressure. 


The Thurber starter consists of 
a rotary cranking device, an air 
pump, an air tank, two pipes and 
one valve. To start the car 
equipped with the Thurber sys- 
tem, the driver simply presses down 
with his foot on the double acting 
valve: air is delivered by pipe to 
the starter, which spins the engine. 


As soon as the engine starts, an 
automatic clutch disengages ‘the 
starter and it remains idle until 
again used. The average consump. 
tion of air for starting the motor is 
very small, one tankful of air being 
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‘ 
sufficient for a large number of starts. In one recent test a 40 
eee ae engine with the Thurber system gave 150 starts, it is 
claime 


In addition to cranking the engine, the Thurber Byetems furnishes 
the user with air for pumping up tires. 


Fic. 14.—Niagara gas starter. As shown, an acetylene tank is connected with a compressor 
which is used for forcing the gas and air in proper proportions into the cylinders, check 
valves being provided to retain the charge. After the cylinders are thus primed, throwing 
on the switch starts the engine on the spark. In extreme cold weather the engine may be 
run on acetylene through the starter until it warms up. 


Gas Starters.—The action of gas starters is to put a charge 
of gas into each of the cylinders, which, when ignited, gives an 
explosion in each cylinder. This is sufficient under normal 
conditions to start the engine. Under extreme conditions, such 
as a very cold day and a stiff carburetter, the operation may be 
repeated, if necessary. 


Most gas starters operate with acetylene, a charge of which 
is carried into the cylinder with each operation of the starter. 
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It is a harmless gas in itself and will only explode when mixed 
with air in proper proportions. 

The essential conditions for the operation of a gas starter is 
‘starting on the spark,” that is, the engine must balance o1 
stop in such position that when the current is turned on, a 
spark will occur in one of the cylinders to ignite the previously 
admitted charge. 


CUT-OUT BY-PASS VALVE STARTER PUMP 


Fics. 15 to 19.—Prest-O-Lite gas starter. The system comprises an automatic reducing 
valve, starter pump, distributer and cut out by-pass. The d stinctive feature of the sys- 
tem is the reducing valve and by-pass valve; The reducing valve lowers the tank pressure, 
as it enters the starter system to a unitorm pressure of two ounces. This allows the use 
of a pump, which means the injection of the charge regardless of the compression in the 
cylinder, and until the gas in the tank is exhausted. When the explosions of the injected 
charges are not sufficient to allow the engine to continue rotation, the by-pass prevents 
feeding acetylene under low pressure through the intake manifold, As soon as the engine 
warms and draws gas from the carburetter, the driver releases the by-pass valve and the: 


use of a starter pump isa simple out and in stroke, by means-of which the gas is first drawn 
into the pump, then forced by compression into the firing chambers of the engine. The 
acetylene is forced into the cylinders through injectors, which are located in any opening 
above the piston travel, usually the Priming cup Opening, either through the cylinder 
wall or valve cap. To operate the starter, the driver Sirst opens the cut out valve; then 


&ives one or two strokes of the pump, and bresses the bution and the engine siarts on the Spark; 
After starting the cut out valve is closed, 
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PLATE—REMY STARTING SYSTEM AS APPLIED TO THE MITCHELL CAR. 


The complete system comprises the motor, reduction gears, switch and battery. The 
reduction gears give a velocity ratio of 25 revolutions of motor to 1 of engine. One gear is 
fitted with an over running clutch. - 


ward carrying with it lever H which moves small gear in mesh with main starter gear at the 
forward end of the transmission, at the same time the top of the lever marked G moves back 
the switch making a contact allowing the current from the storage battery to flow through 
the motor, through reduction gears, the motor now spins the engine. at 


How the System Operates—When starter pedal is pressed down lever F is brought for- 


If the starting gears do not mesh, the lever H remains stationary, the pressu 
starter pedal compresses the small spring I allowing the top of the lever es aac) aaa 
back the switch until contact is made, the motor then begins to revolve and the tension of 
the spring I snaps the small gear in mesh with the main starting gear. : 


General Instructions—The closing of the starting switch completes the circui wi 
: ! reuit 
the battery and the motor, and puts the starter in operation. it between 


If the motor do not revolve when starter pedal is pushed completely down, release starter 
pedal at once and ascertain if all connections be tight and secure, inspect battery and switch 


If the motor turn the engine over very slowly it is evident that the battery i 
engine stiff, make investigation. ay, 38, .Weel 


If it be impossible to push starter pedal down full distance, small gear does e 
with main starter gear and does not allow switch to move back far enetel to jou apt 


If motor revolve but engine do not turn over, over-running or free clutch i 

: 5 : is = 
ating properly. Release starter pedal at once and again press down. If clutch stir hues 
to operate properly it is perhaps due to it either being clogged up- with grease or dirt and 
reduction gear case should be flushed out with kerosene. 


If the motor be turning the engine over at a reasonable cranking speed i 
do not fire, remember that the motor is performing its duty, so do ane let ss ee 
tinue to crank the engine longer than necessary as a needless drain is placed on battex 
If engine do not fire, it is evident that trouble is confined to carburetter or ignition, %S 
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Should the starter fail due to the engine stopping on dead 
center, it is only necessary to make one-quarter turn with the 
crank and then start on the spark. The general use of the 
acetylene tank and the ease and promptness with which it may 
_be refilled, makes the use of acetylene desirable for gas starters. 


Electric Starters.—The employment of electricity for start- 
“ing has the advantage of also supplying current for lighting 


‘ey 


Fic. 21.—Footboard of auto showing U. S. L. starter button. 


and ignition as well, and this has led to the development of 
systems involving various combinations. It would seem, there- 
fore, that electricity would be universally used for starters, 
save for the fact that there are some objections, such as high 
cost, maintenance, and the considerable mechanism necessary, 
that offset more or less the advantages accruing from its three- | 


fold uses. 
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There are numerous electric starting systems, and they may 
be classified according to the methods of obtaining current for 
starting and ignition, and the power element of the starter, as: 


1. One unit systems; 
2. Two unit systems; 
3. Three unit systems. 


These several systems comprise respectively: 


1. A motor-dynamo; 
2. A motor-dynamo and separate magneto;* 
3. A motor, a dynamo, and magneto all separate. ' 


Hire. a. rt: L., starter and lighter armature that revolves in place of the usual engine 
y wheel, 


Electric Starters Require a Storage Battery.—In any 
electric system a storage battery is always necessary; for, in 
order to crank a gasoline engine there must be some source of 
electrical energy from which the cranking motor may draw its 
supply of electricity. Without it there would be no electric 
cranking devices. The first function, therefore, which the storage. 
battery serves is to supply electricity for starting purposes, 


* NOTE,—There are two classes of two unit starter as explained on page 31. 


PLATE—OVERLAND ENGINE EQUIPPED WITH THE U. S. L. ELECTRIC 
STARTER, SHOWING HOW TO CLEAN THE COMMUTATOR WITH A STICK OF 


WOOD, 


Starting—To start the gasoline engine, get the spark and throttle levers on the steer- 
ing wheel just as you would if you were going to crank the engine by hand. Be sure that 
the transmission gears are set in neutral, so as not to start the caz .uwelf. Turn the ignition 
switch to the position marked ‘‘on.”’ 

Press the foot button all the way down and hold it until the engine starts by itself. If you 
hold the starting button down after the engine begins to work, this will tend to discharge the 
storage battery still further. If, after a few seconds, the cylinders do not fire, investigate. 


Do not exhaust the storage battery by turning the engine over and over with the self starter. 
Examine the wiring. See that all wires are secured to their corresponding terminals and that 
there are no breaks. There is probably some trouble with the engine. The starter has per- 
formed its functions. 

After the car is under way, the indicator of the regulator will show when the battery is 
being recharged. A speed of from eleven to fourteen miles an hour is necessary before actual 


recharging begins. 


Attention and Care—The motor generator requires no special attention. A hole is 
provided in the lower part of the housing through which any oil coming from the engine will 
drain. 

If oil or dust collect on the commutator, clean it off with a soft pine stick cut so that it 
_ may be inserted between the brush-holder rings until it rests upon the commutator, The 

engine should be turned over very slowly when this is done. The brushes are ground in before 
they leave the factory and need no further adjustment or attention. 
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PLATE—DIAGRAM OP WESTINGHOUSE IGNITION AND LIGHTING SYSTEM. 

The chief features of the Westinghouse electric ignition and lighting system are: GEN. 
ERATOR: Low speed; direct driven; enclosed; self-regulating; no permanent magnets, 
IGNITION: Dual system; no vibrators or multiple-unit spark coils; automatic spark advance; 
two series contacts in interrupter; safety spark gap protects ignition coil; ignition switch 
tombined with coil, 16D 
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Pic. 22.—Hydraulic analogy of the Delco system. The arrangement and operation of the 
Delco electric system of starting and lighting may be compared toa pressure system of 
water supply such as is commonly used in isolated plants for private reisdences, etc. 
Such a water system usually comprises a power driven pump, connected by a main line 
to the various outlets, and a tank or reservoir placed at a height which will give the desired 
head or pressure, and connected to the main line in the manner shown in the illustration. 
The pressure tank or reservoir is provided with a regulator usually of the float type. 
adapted to indicate the amount of water in the reservoir and a'so designed to automatically 
shut off the power when the water has reached a certain predetermined level. In the 
main line, between the pump and the tank, is placed a check valve, the purpose of which 
is to prevent the backward flow of water into the pump in case the pressure of the water 
in the reservoir exceed that of the pump or in case the pump be stopped. The operation 
of the system just described is as follows: The pump, being directly connected to the 
electric motor, is adjusted to run at a speed which will supply approximately the amount 
of water required or slightly in excess of this quantity. The pump is operated until the 
reservoir is filled to the point at which the float regulator acts and the motor is stopped, 
then the system is ready for use.. If one of the outlets be opened, and water be allowed to 
flow continuously, the water thus drawn off is taken from the quantity stored in the reser- 
voir, and when the level of the water in this reservoir drops to a certain predetermined 
point the float regulator will cause the switch to be closed, thus starting the motor whict 
drives the pump. The operation of the pump in this case. will be to supply the water to 
the outlet from which the water is flowing, and any water in excess of the quantity thus 
drawn off will be pumped into the reservoir. When the water thus pumped into the 
reservoir has filled it to the point at which the switch will be operated, the pump will be 
stopped, and if the water continue to flow from the outlet, the above operation will be 
repeated indefinitely. If enough outlets be opened so that the flow of water is equal to 
the quantity supplied by the pump, the level in the reservoir will remain constant, while 
if the quantity drawn off at the outlets be in excess of the quantity supplied by the pump, 
the deficiency will be taken care of by the water in the reservoir until its supply is 


exhausteg 
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When the car comes from the manufacturer, the storage bat- 
tery will be filled with electricity, and it must be kept charged. 
If a dynamo be provided on the car, this may serve to charge 
the battery whenever the car is in use. Unless such a generator 
be supplied, it will be necessary to periodically recharge the 
battery. 

Batteries designed solely for ignition or lighting are not 


GEAR-SHIFT 
LEVER 


FLYWHEEL 


MOTOR GENERATOR 


Fic. 23,—Leece-Neville system as installed on the Haynes car. It consists of two separate 
but correlated elements, the generator and cut out, and the battery, starting motor, and 
lamp system. The 12 volt generator is situated on the right side of the engine and is driven 
from the rightcam shaft. Itis wired toacut out on the dash, which alike automatically pre- 
vents overcharge of the battery and leakage of current from thence to the generator arma- 
ture at slow speeds. The battery is carried on the left running board, and is of 100 ampere 
hours capacity. All five lamps are supplied from this battery, but three wires being used 
in connecting them. The cranking motor, which also is supplied from the battery, has, 
like the generator, but two connections. It is geared to the flywheel by means of teeth 
cut in the latter's periphery, a sliding gear on a short idler shaft, geared direct to the motor 
armature, meshing with these teeth. The starting motor is fastened on the left side of 
the engine, forward of the flywheel and beneath the frame. The control of the sliding 
gear presents perhaps the greatest novelty yet introduced. This control is by means of 
the gearshift lever. A small gate pedal on the quadrant raises a lid over the starting 
slot, permitting the lever to enter it for the purpose of starting. A quick, vigorous for- 
ward thrust on the le er in this position throws the sliding gear into mesh with the teeth 
on the flywheel and starts the engine. Upon the response of the engine, the lever, on | 
being released, is automatically returned to neutral by means of a spring, and the gate 
closed; when the lever is used in its normal function of gear shifting. The quadrant is — 
further notable in that it is completely and legibly calibrated to avoid confusion of its : 
many functions. It is provided with a small perforated lug, the hole in which registers _ 
with a corresponding hole in an extending arm of the lever to be locked so by a padlock. | 
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MIREING DIAGRAIL 
THE LEECESVLVULLE ELECTRIC LIGHTING Ano STARTIIYG NOTL/L 


PLATE—THE LEECE-NEVILLE TWO UNIT ELECTRIC STARTING AND LIGHT 
SYSTEM—Continued. 


When the armature closes it also operates the indicating target and shows the word 
“charging” on the face of circuit breaker to the operator, When the generator stops run- 
ning the magnet 8 is no longer energized and springs 12 push the armature back and open 
the charging contacts 1, 2 and 5, thus breaking the electric connection between generator and 
battery on both the positive and negative sides. At the same time spring 19 operates the 
indicating target to show “off” on the circuit breaker to the operator, The indicating tar- 
get shows the word “off” in the little window of its case when generator is not charging, and 
when the generator is “charging’’, this word is shown instead of “off”, The Wiring diagram 
shows the generator connected through the circuit breaker to the storage battery and the 
battery connected to the motor through the motor switch and the lamps through’ the light- 
ing switch. Standard 6 volt lamps are used in connection with the 12 volt battery by con- 
necting them thereto by a three wire system, All the lamps are connected on one side through 
the lighting switch to a central terminal on the battery and on the other side one-half of the 
lamps are connected to the positive pole of the battery and the other half of the lamps are 
connected to the negative pole. Thus we have divided the 12 volt battery into two 6 volt 
batteries for lighting without in any way interfering with its being ch>reed by the generator 
at 12 volts or discharged through the motor at 12 volts, 
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capable of taking care of the sudden and large demand for cur- 
tent to operate a starter. 
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Fic. 24.—Wiring diagram of the Jones, Jesco, starting and lighting system, 8-16 volts with 
separate controller. 
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Storage batteries used for lighting, igniting and starting, while they 
resemble one another externally, are quite different in their internal 
construction. This particularly applies to batteries which have to be 
used in conjunction with an electric cranking motor on an automobile. 


battery lacks capacity for starting purposes, so does the one used for 
ignition purposes, only that the latter is lacking in a greater degree 
than the former, Making a comparison with six volt batteries, the 
capacity will depend only on the number of amperes discharged con- 
tinuously. 


Fic. 25.—Entz single unit starting and lighting system; view showing mounting of motor 
generator on engine and silent chain drive. 


_A starting battery is rated at 100 ampere hour capacity when it will 
discharge at the rate of 5 amperes for 20 hours continuously, A light- 


able to deliver at least five amperes continuously for ten hours. This 


but would be impossible with the ignition battery. The latter is not 
designed to give such a high rate of discharge. 

There is little difference in the construction of lighting and starting 
batteries. The greatest difference in these is the capacity. Capacity — 
in this case only means a greater factor of safety. Therefore, it may be 
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a= 


Rr 


said, that the construction of the ignition battery prohibits its use 
for starting purposes, but that a large lighting battery may be used 
for starting, because it is of the same general construction as that gen- 
erally used with electric cranking motors. 


_The principal difference between batteries designed to give a slow 
discharge and a quick discharge is found in the plates—the ignition type 
of battery having a few thick plates, while the lighting and cranking 
battery has many thin plates. 


REAR 
LAMP COMBINATION SNAP SIDE LAMP 
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TO 
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——_ PG 


TO HORN, NDCATORT” 
OR LIMOUSINE LIGHT 


BATTERY 


Fic. 26.—Wiring diagram of Deaco single unit starting and lighting system. Heavy lines 
indicate No. 4 B. & S. stranded flexible cable. Medium lines from motor-generator and 
starting switch to combination snap switch and terminal junction indicate No. 10 B. & S. 
gauge duplex wire. Fine lines in lamp circuit indicate No. 12 B. & S. gauge duplex wire. 


The essential requirement for rapid discharging is large plate area 
per ampere discharged. This is just what is accomplished by the use 
of thin plates; for when two plates replace one, the effective area is 
doubled. : 


In practice this doubling of area is accompanied by the reduction 
in thickness of plate, in order to keep the size of the battery about the 
same as before. It also has an important bearing on the discharge rate 
which may be obtained from a battery,and also the capacity or length 
of time that the battery will give this discharge. The gain is due to 
the shortening of the distance which the electrolyte has to travel to 
reach the center of the plate. 
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Choice of Voltage.—In designing starters there are several 
conditions to be considered in determining what voltage shall 
be used, especially as the starter problem is somewhat different 
from the ignition and lighting requirements as to voltage, and 
one battery is generally employed for all. 


RECULATOR 
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Fic. 28.—Wiring diagram of Adlake lighting and starting system. 


The pressure used on the different lighting and ignition 
systems is six volts, and were it not for the problem of cranking, 
there probably would not be any reason to change. This low 
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PLATE lI—ELECTRIC VAPORIZER AND CONNECTIONS—Continued. 


Caution—When determining location of hole into which vaporizer is to be screwed, be 
absolutely sure that there is nothing in the way against which vaporizer will strike while 
making the circle as it is screwed into position; do not insert any pipe between vaporizer and 


manifold. 


After determining location of vaporizer as per above, drill and tap 1% inch pipe size hole, 
then screw vaporizer into this hole. Be sure to have vaporizer in an upright vertical position. 


Cut section out of gasoline feed pipe in a convenient place near carburetter. The length 
of this section should be determined by the length of the T connection after end nuts have 
been removed. Note flare or bell shaped end of small pipe attached to the solderless T con- 
nection and flare ends of the main gasoline pipe in like manner. An ordinary center punch 
may be used for this purpose. Use a center punch somewhat smaller than inside diameter 
of gasoline pipe, rotate in a circular manner so as to spread end of pipe, but do not use enough 
force to split pipe. Be sure to place nuts taken from T connection on tubing before flaring 
the same. Insert T connection and connect end of small pipe to vaporizer, as shown in sketch. 
Be very careful that no dirt or foreign matter gets into vaporizer or pipes and make certain 
that all nuts are tight to prevent any leakage of gasoline. 


To Connect Electrically—Attach two wires to the terminals at top of vaporizer, con- 
nect these wires to switch on dash and battery as shown in sketch. Switch may be placed 
at any convenient spot. This makes a direct connection from battery to vaporizer. Any 6 
volt storage battery will furnish current to operate vaporizer. Use No. 18 lamp cord for wiring. 


Operation—Prepare car in usual manner for starting except to not open gas throttle 
more than a quarter the usual distance. Turn on vaporizer switch. Wait about 10 seconds 
and proceed to start engine in usual manner. As soon as engine is running, change throttle 
to usual position and shut off vaporizer switch. _ Under extremely cold weather conditions 
leave vaporizer on a little longer than at other times. 


If engine be hot, carburetter should supply sufficient gasoline vapor for starting and it should 
se vaporizer, as vapor from both carburetter and vaporizer will make an 


not be necessary to u: ° . 
‘over rich mixture. Adjusting screw will be found directly underneath intake connection on 


vaporizer. 
To Adjust—Open valve by turning adjusting screw to left about 4% to 14 of one turn, 
or a little more if required. In some few cases it may be necessary to reduce flow of gasoline 


by turning adjusting screw to right a very little. By turning adjusting screw to right as 
far as it will go shuts off vaporizer entirely. A very fine screen in intake end of vaporizer 


may need to be cleaned occasionally, 
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pressure has the advantage that it is easy to protect the circuit 
from electrical leakage, just as the gaskets and stuffing boxes 
of a low pressure steam engine are easily kept tight. 

Six volt lamps are manufactured with less difficulty than 
those designed for higher pressure, and they are to be obtained 
anywhere.. The weight of six volt batteries is less than that of 
the higher voltage type. Were it not for these considerations, 
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Fic. 29.—Wiring diagram of Deaco two unit starting and lighting system. Heavy lines 
indicate No. 0 stranded flexible cable (259 or No. 24 B.& S. gauge wires, $j rubber walls, 
and single braid cotton. . Medium lines from generator and battery to combination snap 
switch and terminal junction indicate No. 10 B. & S. gauge duplex wire. Fine lines in lamp 
circuit indicate No. 12 B. & S. gauge duplex wire. 


starting motors would be designed for high pressure, as they are 
smaller and consequently lighter. High voltage for the motor 
does not necessarily mean high voltage for the generator and 
lights. . 

There are three general combinations: 

1. All one voltage, either 6, 12, 16, or 18 volts; 
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2. Generating and starting at 12, 16, or 18 volts, and lighting 
at 6, 8, and 16 volts respectively. 

3. Generating and lighting at 6 volts, and starting at 24 or 
30 volts. 


One Unit Systems.—The term “‘one unit’’ as applied to an 
electric starting system means that there is a motor and dynamo 
combined in one machine, or motor-dynamo, as it is called, 
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g outside connections of Electro single unit, starting, 
The meter should show ‘‘charge’’ when engine is running, and 
will show when lamps are burning and engine not 


Fic. 30.—Wiring: diagram showin 
lighting, and ignition system. 
“off” when not running “‘discharge”’ 
running. 


the dynamo furnishing current for the starter, and for charg- 
ing the storage battery. 

In classifying a system as having one or more units, it means 
that the apparatus provided for generating the current and the 
motor for starting the engine consists of one or more parts. 
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Fic. 32.—Wiring diagram of Wagner two unit starting and lighting system. The con- 
nections shown in dotted lines are put on by the automobile manufacturer, and they may 
or may not be correct for all cars using the Wagner system of starting and lighting. How- 
ever they are correct for a Studebaker car. } 


B 


Fic. 33 and 34.—Wagner starting motor of two unit starting and lighting system. It is series 
wound, and equipped with reducing gear, with a gear reduction for reducing the speed of the 
motor so that it will be suitable for cranking the engine. This gear equipment consists of a 
small steel pinion A on the motor which meshes with a large steel gear B on the back shaft, - 
thereby reducing the speed. These gears are encased in the cast iron housing C. The 
motor is connected to the engine by means of a chain which operates from a sprocket on 
the starter to a sprocket on the engine shaft. The motor is adapted for electrical connection 
to the battery by means of a starting switch. This switch is usually installed on the 
foot board of the car, and when the pedal is pressed down, contact is made between the 
battery and the starter, thereby cranking the engine. 
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Thus, as just stated, in the one unit system there is a combi- 


nation dynamo and motor forming one machine, or “‘one unit.” 


An example of the one unit arrangement is the Electro system, 
which has a combined motor and dynamo, the latter furnishing current 
for starting ignition and lighting. 


Fic. 35.—Wagner dynamo of two unit starting and lighting system. “The drive is through a 


tram of gears or equivalent. The windings and internal connections are of such character 
that no regulating devices are required except arelay. In construction, the commutator E 
and brushes F, G, H, and I, are located under the cover which in this cut is removed, The 
brushes H and I collect the current from the commutator and furnish this current for 
charging the battery through the relay K. The brushes F and G, collect the current from 
tbe pomnuseten and furnish this current for exciting the fields. The relay K is shown in 

etail in fig. 36. a 


It is necessary to arrange the motor with a short driving shaft inte- 
gral with the motor case, driven either through the timing gears or 
silent chain and connecting to the starter with an Oldham coupling. 
The motor dynamo is always in operation. When turning below 380 


revolutions per minute it is a motor, and when turning above that rate, - 


a dynamo. 
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Fic. 36.—Wagner relay of two unit starting and lighting system. It consists of two mag- 
net coils L and M, wound onan arm core N, which attracts and repels an iron lever O. 
At the end of O are two main contact points P and Q at which the contact between the 
dynamo ard battery is made and broken. ‘There are also supplied two auxiliary contact 
points R and S which are for the purpose of minimizing sparking at the main contact points 
PandQ The coil M called the shunt coil is connected directly across the two brushes 
H and J, and therefore the full dynamo voltage is impressed across the ends of this 
coil. The coil L, called the series coil, is connected in series with the battery and dynamo 
and therefore this coil carries the charging current when the battery is being charged In 
operation: when the engine is started, the dynamo is driven by the engine and it, there- 
fore, increases and decreases in speed with the engine. When the engine is speeded up, the 
dynamo follows with corresponding increase in speed and the voltage of the dynamo rises 
as the speed increases. Assoonas the dynamo voltage gets to a point above the volt- 
age of the battery, which is approximately six volts, the coil M pulls the iron lever O 
toward the magnet core, thereby closing the contact at the points Pand Q-RandS. As 
soon as this contact is made, the dynamo is connected to the battery, and a charging 
current willl flow from the dynamo to the battery through the series coil L, which is in 
series with the dynamo and battery. The dynamo continues to charge as long as these 
contact points P and Q-R and S remain together, but when the engine speed is decreased, 
so that the dynamo voltage falls below the battery voltage, the battery will discharge 
through the dynamo and therefore through the coil L. This discharge current, being in the 
opposite direction from the charging current, will neutralize the effect of coil M and 
allow the spring T to pull lever O away from the magnet core, thereby opening the contact 
at the points Pand Q-R. and S. As soon as these contacts open, the battery is off charge. 
gue engine speed at whieh this relay closes corresponds to a car speed of 7 to 10 miles per 

our, 
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The compound differential winding takes care of the output from the 
generator. No discriminating cut out or reverse current circuit breaker 
is provided to disconnect the battery from the motor dynamo entirely 

_at very low speeds. Instead of this, the ignition switch breaks the line 
between the battery and generator when the engine is stopped by cutting 
off the ignition. ; 

The system operates on 24 volts, but charges the battery at six volts. 
The amperage drawn by the 24-volt motor when turning over the 

gasoline engine varies with the size of the motor as in all systems. 


Fics. 38 to 45.—Exploded view of Wagner starting switch. When the heel pedal E is pressed 
down with the foot, it compresses the spring F and at the same time brings the contacts 
Gand H together. This closes the circuit and the motor will crank the engine. When the 
heel pedal is released, the spring forces it to its original position, thereby forcing the con- 
tactsapart. This will open the circuit and the motor will stop, ; 


The gear reduction between the motor dynamo and the engine is 
twenty-five to one when starting but changes automatically to a direct 
drive when the engine starts running. 


Two Unit Systems.—There are two classes of two unit 
systems: one in which the motor and dynamo are combined in 
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PLATE—GRAY_ AND DAVIS ELECTRIC SELF E 
THE LOZIER CAR—Text continued. X eee ee ON 


The Dynamo Clutch.—This clutch will slip more or less according to speed of engine. 
It consists of a shell secured to a shaft, positively driven from the engine. Held against the 
inner surface of this shell by two steel springs, are two shoes, faced with asbestos fabric. 


The constant pressure is controlled by two weights and the radial pull of these weights is 
exactly equal to the spring pressure, minus the frictional driving force of the two shoes. 


So long as dynamo is driven at or above rated speed, the equation remains true, and the 
weights set themselves at a point where the pressure will be sufficient to drive the armature 
at rated speed (1000 revolutions per minute). 


_ The heat caused by friction of the clutch, is taken care of by the ribbed surface of the driv- 
ing drum, acting as a fan and drawing air through vents in the outer shell of dynamo. 


Generator Clutch Adjustment—All dynamos are thoroughly tested and governors 
adjusted to hold the proper speed before they are installed on cars, and unless the machine 
has been tampered with the clutch will require no adjustment. ‘ 


To Adjust; 1, Remove cover; 2, revolve governor inside of goyernor shell until the 
opening in one shoe (marked with a notch) coincides with the drill hole in shell; 3, to increase 
driving force of clutch, that is, increase output of dynamo, tighten up on screw by turning 
screw to right. A screw driver 3-16 of an inch wide is best suited for this purpose. 


Proper Adjustment: When clutch is in proper adjustment, the ammeter should indicate 
as follows: 1, All lights off—car running 12 miles per hour or more—4 to 6 amperes, charge; 
2, all lights on—car running 12 miles per hour or more—1 to 1.5 amperes, charge; 3, all lights 
off—engine stopped—O amperes (neutial position); 4 all'lights on—engine stopped—5 lights 
burning with 16 C.P. bulbs in headlight—7 to 8 amperes, discharge. 


Points to Remember When Adjusting Clutch.—1, if the system do not act properly, 
yhe trouble is probably not in the clutch adjustment. 


The dynamo governor should not be touched except after all other tests and remedies have 
been exhausted; 2, should the ammeter show little or no increase of current when the clutch 
is set up, it is a sign that the engine is not up to sufficient speed for charging. 3, that adjusting 
the clutch does not make the dynamo generate current at lower motor speed; 4, under ordinary 
conditions the clutch does not wear, and therefore retains adjustment; 5, should adjustment 
of clutch fail to bring results referred to above, communicate with Gray & Davis Co., giving 
full details; 6, the governor action is very sensitive and full turn of the screw driver in adjusting, 
makes a big difference in the dynamo output. Only slight turns should be made each time, 


continuing until proper adjustment is made. 
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Fic. 46.—Wiring diagram showing complete Esterline two unit lighting and starting system 


‘uO peuIny ore s1yST oy} UeyM ATUO 
TAIIEO SI BUIPUIM P[ey Serres oy} Fe} Por Os St nq ‘punom punoduroo st (stAeq pues Avid) wezsds sty} JO oweusp eq, 
‘ ‘ ‘vO UAIZOT AHL NO 
GaTIVLSNI SV ‘NNYOH CNY SLHOMI YALUVLISATAS WOU WALSAS OIALOATA JO WVAOVIC ONTAIM—a&LV Ie. 


SOLVAI INTO 


quero 30 


PLATE—WIRING DIAGRAM OF ELECTRIC SYSTEM FOR SELF-STARTER, 
LIGHTS, AND HORN AS INSTALLED ON THE LOZIER CAR—Text continued * 


The connections are as follows: Inside the dynamo the two brush leads are connected 
directly to the red and black terminals marked + (positive) and — (negative) on the 
diagram. From the — (negative) terminal a connection is made to the series field wind- 
ing, passing around each pole and out at terminal marked S (yellow wire). 


From the dynamo runs a triple conductor of colored strands, red, black and yellow: red, 
is + (positive), black is — (negative) and the yellow series S. 


The red strand, No. 14, is connected to terminal No. 1 of automatic cut out, and the black 
strand, No. 13, to.terminal No. 2. The current is:thus enabled +o pass through the fine wire 
winding of the cut out coil and energize the magnet, which attracts the armature, closing the 
contact points. : 


Terminal No. 3 of the cut outis.connected to the left terminal of ammeter. The battery con- 
nections at this point are very simple. A cable is run from the battery to the dash board, 
No. 12. The positive, or red’ strand, is connected to the right ammeter terminal and the 
black, or (negative) strand, No. 13, to terminal No. 2 of the automatic cut out. This com- 
pletes the circuit between the dynamo and the battery, and thus it is seen that the charg- 
ing circuit is entirely independent of the series field winding. 


The lamps are connected into the system by means of the combination switch and junc- 
tion box, which is connected as follows: Yellow conductor, No. 3, from dynamo.lead to cross- 
bar of junction box. The wires from the lamps are brought to the junction box as shown 
in the diagram. 


When the lights are turned on, the current passes from the positive brush of the dynama 
to terminal No. 1 of cut out, through cut out to terminal No. 3, to ammeter, but not through 
ammeter, then to junction box, where it divides among the lamps, and then back through 
the yellow strand, No. 3, to terminal S of dynamo, through the field series to negative 
(—) terminal, and finally to the negative brush of the dynamo. 


Miscellaneous Suggestions on Electric System—lIf the lights grow dim when the 
car is speeded up, wires marked S and O in wiring diagram are reversed at dynamo. | 


If one lamp burn dim, change bulb, if same lamp be still dim, test wire from junction box 
to lamp, look over Jamp connector. 


If one lamp flicker, look for poor connection between lamp and junction box. 


If all lamps flicker, look for loose connection in switch orat dynamo. See that all circuits 
between dynamo and battery are intact, and all binding posts and contacts dry. 


Be sure that dynamo is up to speed (1000 R. P. M.). See that contact points of cut out 
actually make contact. 


Jf contact points of cut out donot come together, and,ammeter do not indicate current 
while dynamo is running at speed, push up armature, at bottom of cut out, so that contact 
is made, then if no current be generated, it shows that there isan open circuit between battery 
and dynamo, ; 


If ammeter indicate current in’ opposite direction, that is, on the discharge side, this 
shows either a loose or broken shunt field wire connection. 


To determine whether the open circuit is in dynamo, disconnect dynamo from engine, 
close contact points at cut out by pushing up armature. Dynamo will run as a motor, and 
take about 2 or 8 amperes. This will show dynamo connections are all right. 


If the ammeter show a discharge when lights are turned. off, disconnect battery and if 
hand go back to zero it shows there is a leak or short circuit, which should be,remedied at 
once. If hand do mot go back to zero when battery wire is disconnected the needle is bent, 


If ammeter indicate a great amount of current and dynamo does not run as a motor, 
look for broken shunt field connections. 


Examine brushes to make sure they are not sticking in the holders. They should work 
freely. Under no circumstances must a carbon brush be used on starting motor and dynamo. 


Special Bronscol brushes must be used; these can be obtained through Gray & Davis Co. 


In case of trouble in the electric starting apparatus, look for mechanical defects rather than | 
those of an electrical nature. 
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A=0utet Socket and Attachment Plug 
B=Lamp Socket and Attachment Plug 
G =Connection to Ground 

Numbers on wires indicate B&S Guage 
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Fic. 47.—Typical wiring diagram of Westinghouse starting, 
lighting and ignition systems, 
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PLATE—THE VULCAN ELECTRIC 
GEAR SHIFT; HOW IT WORKS. 


Assume that the gears are all in neutral 
and the engine running idle. To move into 
first speed the operator presses the button 
No. 1 in the selector switch group, thus 
connecting up the line from the battery to 
the magnet No. 1. 


The circuit, however, is not yet complete 
as it is broken by the master switch, which 
is not closed until the clutch pedal is fully 
depressed. 


The operator, having first selected his 
gear, depresses the clutch, and the final 
movement ot thc clutch pedal closes the 
master switch, completing the circuit through 
the magnet or solenoid selected, energizing 
it and drawing the plunger shaft, to which 
the shifter fork is attached, into the hollow 
core of the solenoid. 


As the sliding gear reaches the desired 
position in mesh, its final movement dis- 
engages the master switch by means of an 
automatic tripping mechanism. 


The clutch pedal is then released, the 
clutch returns to its normal position and the 
transmission is in first speed. 


To pass from first to second speed or from 
third to fourth speed, the operation is re- 
peated, . 


The view of steering wheels show gear 
controls as located on post just below wheel. 


As shown they are within easy reach of the 
finger while the hand is on the wheel. 
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one unit, and one in which the motor and dynamo are separate 
the latter being arranged to operate the ignition system whe 
not running on the battery. 


The “Aplco” is an example of the first. mentioned class of two un 
system. ,The cranking motor and the dynamo are contained in on 
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Fics. 48 to 51.—Diagram of electrical and mechanical connections of motor and switct 
for flywheel drive of Westinghouse starter. In the diagrams 
the switch is shown mounted directly on the gearshift rod, tho 
any rod inter-connected with the gearshift rod. At A is shown the “ 


; > 8 1 ped, and it turns the engine over 
until the starting 1 ' i i 


a spring returns the shifting rod and all parts to position A: 
the electric circuit, and the motor comes to rest. 


unit and the magneto forms the second unit. The make of the mag- 
neto is ptional and is separate and distinct from the lighting and 
cranking systems. ; | 

A widely different voltage is used in the cranking motor and the 
dynamo. The former operates at 24 volts (except in one instance, 
where 30 volts are used), while the latter operates at 614 volts. | 


| 
| 
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MiGs. 52 to’ 54. pasts of Westinghouse starting motor for Axwheol drive. The operation of 
+&is system is illustrated in figs. 48 to 51. 


Be The dynamo is of the low speed type, being driven at crank shaft 
speed by chain gears of any other suitable means. It furnishes current 
for the battery above a car speed of eight miles an hour and charges 

ba the battery until it becomes fully charged, when it is automatically 

- switched off, and does not charge the battery again until the latter 
drops below a point which can be fixed to suit the ideas of the manu- 
facturer. 
A discriminating circuit breaker or reverse current cut out operates 
when the voltage of the dynamo drops below that of the battery. 
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Fics. 55 to 63.—Parts of Westinghouse starting motor for crank shaft drive. 
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The 24 volt series motor acts through a reduction gear of 40 to 1, 
between motor and engine. 


The Westinghouse system is an example of the second class of two) 
unit systems in which the cranking motor and dynamo are separate : 
machines. The latter not only charges the storage battery but also: 
furnishes direct a supply of current for ignition. 


| 
‘ 
; 
| 
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Fics. 64 to 75.—Parts of Westinghouse ignition and lighting dynamo. It may be operated by 


chain or gear drive from the engine and which supplies electric current to the storage bat- 
tery and the lights. While the engine is not running, or at very low speed, the lights areq 
supplied entirely by the battery. A magnetic switch in the dynamo automatically con- 
nects the dynamo to the lighting system and battery when the engine is running at approx:: 
imately 8 miles per hour car speed on direct drive. When running on the gears, the switch! 
closes at a much lower car speed. If no lights be then in use, the battery begins to be 
charged when this switch makes the electrical connection. If the lights be bu-ning, the 
dynamo furnishes part of the current to them; as the speed increases the proportion of cur~' 
rent supplied by the dynamo increases, until at the higher speeds the generator supplies 
all of the current to the lights, and in addition charges the battery. The amount of current’ 
the dynamo furnishes to the battery depends upon the number of lamp burning and thed 
speed of the engine. The ignition outfit consists, in addition to the lighting system andy 
storage battery, of a distributer and an interrupter, which are made a part of the dynamed 
and an ignition coil and switch. The ignition coil transforms the 6 volts of the battery 
up to the high tension required for the spark plugs. The interrupter closes'and then opens 
the ignition circuit at each half revolution of the generator shaft, and the distributer directs: 
the high tension current to each of the spark plugs in succession. : 


7 


The dynamo is of the slow speed type and turns at crank shaft speed} 
on four cylinder engines and 11% crank shaft speed on six cylinder engines, 


The battery circuit is cut in above 10 miles an hour and is cut out 
below 7 miles per hour. This difference prevents the switch cutting in 
and cutting out continuously when the speed of the car is at one par, 
ticular point. | 
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A feature of the Westinghouse system is that the output of the 
generator varies with the load. When the lamps are switched on, the 
output of the dynamo becomes great enough to take care of the added 
load. This is accomplished by having the battery current go through 
a series field on its way to the lamps, thus assisting instead of bucking 
or neutralizing the shunt field. + 


The reduction between the motor and the engine varies between 
ten to one and twenty-two to one. The amperage on the jump or when 
the starting switch is thrown in depends on the resistance opposed 
to revolving the engine, but will in the average case of a large four or 


Fic. 76.—Westinghouse interrupter of ignition and lighting dynamo, showing position of 
interrupter parts at high speed. The interrupter is mounted on the generator shaft and 
the contacts are operated by a simple, rugged, centrifugal device that automatically ad- 
justs the spark advance to the speed, keeps the period of contact nearly constant at all 
speeds, and prevents any inequality between the two interruptions that occur in succession 
during each revolution, The interrupter case is readily removable for examination, without 
the use of tools. The centrifugal weights are omitted and a cam substituted where auto- 
matic spark advance is not desired. 


small six cylinder motor be 200 on the jump and about 80 for a running 
amperage. The motor is series wound and is generally geared to the 
flywheel; it is operated by a switch which throws the gears into engage- 
ment for starting, by first meshing them and then spinning the engine. 
The motor is autom tically thrown out of engagement when the engine 
operates under its own power. 


Three Unit Systems.—This division comprises those sys~ 
tems which have a motor, dynamo and magneto each separate. 
Here, each unit has a single function and is only electrically 
associated with the rest of the apparatus in the system. Thus, 
the dynamo supplies current for charging the battery, which in 
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Fic. 78.—Gray and Davis system with metallic circuit or two wire method of wiring, 


39 


40 


STARTERS AND LIGHTING SYSTEMS 


turn delivers current to the motor and ignition system at start- 
ing, and also to the lighting system, the magneto furnishing 
current for the ignition system, when the engine is running. 


Fic. 79.—Gray and Davis grounded system junction switch which serves asa common cen- 


Fic. 


ter for all lighting circuits and to control head, side, and rear lamps from one base. 


.80.—Reverse side of grounded system junction switch, showing the bus bars and fuses 
in position. Two emergency fuses will be noted at the top in clips. 


GRAY. & DAVIS 


PAT APPLIED FOR 


81.—View of cut out connections, of Gray and Davis system. The cutout consists 
of an electro-magnet having two. windings, the shunt winding of fine Wire is in series 
with the heavy winding, and terminates at terminals 1 and 2, the series winding of heavy 


downward. To determine if cut out be functioning properly, see that all wires connecting 


dynamo, cut out, junction switch, ammeter and battery, are in firm contact and free from. 


contact with frame of car. With engine running over 12 miles per hour, the cut out arma- 
ture should close and bring contact points together. Disconnect wire from No. 1 terminal, 
The cutout armature should return to normal, or open position. If it act sluggishly, 


armature should remain raised. Its failure to do so indicates contact points are not iy 
contact, or open circuit exists elsewhere In circuit, Remove wire or screw from No. 2 
If armature release, series winding is functioning properly. 
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In the manufacture of three unit systems,-some make the 
entire outfit, others manufacturing only motor and dynamo, 
leaving it optional as to the make of magneto employed. 


The following description of the ‘‘Disco’’ will serve as an 
example of three unit system: 


GY ol 


‘ll! 


Fics. 82 and 83.—Side and end sectional views of Gray and Davis over running clutch. 
Its office is to transmit the motion and energy of starting motor to crank shaft and to 
prevent transmission of crank shaft motion to starting motor when engine is running 
under its own power or is cranked by hand. The operation of the clutch is as follows: 
When the starting motor shaft is driven in a “clockwise” direction, as viewed from clutch 
end, the rolls within sprocket housing slide into the wedge angles between the curved sur- 
faces of the centerpiece and the race surface of the driving sprocket until the race surface 

_ pressure is sufficient to cause sprocket to be driven by action thus established. The springs, 
back of the pins, acting on the rolls keep the latter firmly within wedge angles at all times, 
so that they grip sprocket as soon as starting motor shaft turns. As soon as engine spins 
faster than motor, rolls are released from the wedge angle, permitting over running action 
of clutch, enabling engine to turn without any dragging effect from starting motor. To 
adjust clutch: Remove screws % and D, take off retainer C; remove nut and cotter G; 
take off retaining washer X; remove entire clutch mechanism in direction indicated by 
arrow J; remove screws F; take off retainer E; take out ball bearing S; remove bushing 
W: note the condition of clutch parts. 


The motor and dynamo are both of the same size, each operating 
at 12 volts. The aluminum cases arei terchangeable for each unit, the 
entire difference being in the windings, which are simple series on 
the motor and compound on the dynamo. 
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The dynamo does not come ‘into action until the speed of the engine | 
has reached the point at which the car is traveling seven miles per hour. 
Below this point a cut out switch prevents any connection between the — 
storage battery and the generator, and eliminates any possibility of a | 
discharge to the generator. 


Fic, 84.—Ward Leonard automatic controller for automatically regulating t 
the battery. When the car speed becomes approximately euch cme oe hook the eS 
armature will give a voltage sufficient to charge the batteries. The circuit between the 
dynamo and the batteries is normally open, but when the voltage of the dynamo becomes 
proper for charging, the coil A on the magnet core B, magnetizes the core sufficiently to 
attract the arm C. ‘This arm moves toward the core B and thus two spark proof points 


ng J. x 
the current 


mae aac! cee ee battery, the 
vy th e sprin st ° 
apart. Thus the circuit between the dynamo and battery is phere lentes pete 

xiliary series coil L on core B acts to 
reversal of current, : 
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Below seven miles an hour the lighting current is drawn from the 
battéry, which may be in any size desired over an 80 ampere hour 
capacity. The upper limit to the charging point is about 25 miles an 
hour. Above this the dynamo is again cut out and has no connection 

_ with the storage battery. 


The motor generally is mounted so as to drive through teeth cut on 
the periphery on the flywheel, or it may,be mounted on the one end of 
the engine or the gearset. A roller clutch is used which cuts out the 
motor as soon as the engine starts. 


1G. 85.—National dash unit with cover removed. The reverse current relay consists of a 


relay blade, electromagnet, contact points, and hammer strok- spring which prevents the 
contact points sticking. Trouble in one individual circuit will not affect the other parts of 
the lighting or ignition system and by removing the fuse from any circuit which is defective, 
it will temporarily cut that, particular circuit out of use until repairs can be made, In 
installing the dash unit which includes the ignition and lighting switches, ammeter and 
relay, it is only necessary to bore two holes through the dash for the stud bolts and the 


necessary holes for wires. 


When the driver pushes in his switch, closing the circuit between the 
battery and the motor, the latter will turn the crankshaft until the 
engine picks up its own cycle, allowing the motor to come to rest, 


Methods of Control.—In any electric system where there is 


a dynamo and a storage battery, two control elements are neces- 


sary for the proper working of the system: 
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Fics. 86 to 88.—Method of obtaining self-regulae 
tion in the Rushmore lighting system. Asa cur. 
rent of constant volume is desired, it follows that ; 
self-regulation must be produced by change in the : 
volume of current rather than in the voltage. 
The first clue to the solution of the problem was ; 
found in a peculiar property by iron, of increasing : 
greatly in electrical resistance at a certain crits . 
ical temperature just below the red heat. Below » 
this “‘critical”’ point the resistance is practically 
constant. At and beyond the critical temper- . 
ature, the resistance increases enormously with 
each degree of temperature increase. Starting | 
from this peculiar property of iron, the next 
thing was to employ it correctly. The primitive » 
method would have been to insert a thin coil of 
iron wire directly in the circuit and simply waste 
the surplus energy at higher speeds in heat as 
shown in fig. 86. This however, would have given > 
very imperfect regulation, besides necessitating a 
heavy and clumsy machine, since the shunt 
field winding would receive the full voltage nor- | 
mal to the speed at any moment. To keep 
down the strength of the current in the shunt field 

coil one terminal of the latter may be connected beyond the iron “ballast’’ coil instead of {| 

between that and the armature and the ‘‘ballast”’ coil asin fig. 87. With this arrange- | 
ment better results are obtained, but, as the field excitation remains constant, an excessive \ 
voltage will still be generated at high speeds. | 
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1. Means for preventing reversal of current when the dynamo 
is charging the battery; 
2. Means for limiting the dynamo voltage. 


When the dynamo is charging the battery, if its speed be 
reduced beyond a certain point, as by slow running of the car, 
the pressure induced in its armature will become less than the 
battery pressure against which it must force the current to 
charge the latter. Unless some automatic device be provided 
to break the circuit when such condition obtains, the current 


Fics. 89 and 90.—Operation of Rushmore starter. The armature A is normally held out 

. of line with the pole pieces EE by a compression spring C in the commutator end of the 
shaft. In this position the pinion is out of mesh with the flywheel gear F. When the 
switch is closed the armature 1s sucked endwise with great force by the attraction of the pole 
pieces into its working position, thereby engaging the pinion B and setting the flywheel in 
motion; fig. 90. To hold the armature in position against the pzessure of the spring, it 
is made a little longer than the pole pieces, so that a certain amount of end pull is exerted 
while the armature is turning. The instant the engine starts, the motor is relieved of its 
Joad and the current drops almost to nothing, so that the spring automatically pushes the 
armature and pinion out of action before the speed has time to increase appreciably; 
fig. 89. Thereafter, the current required to spin the armature without load is too 
small to attract the armature back into its working position, hence it spins idly till the 
switch button is released. As the pinion goes out of mesh the instant its work is done, the 
whole action is practically noiseless, and no skill whatever is demanded of the operator. 
To facilitate engagement, the switch is given two active contacts. The first contact par- 
tially short circuits the armature, so that it rotates only enough to make sure that the 
pinion will slip easily into mesh. The last contact puts the motor in action and cuts out a 
resistance in the main circuit. The switch arm is opposed by a spring with sufficient stiffness 
to insure that the movement shall not be too abrupt; in other words, the operator does the 
right thing without having to think about it. On the return motion the switch arm 
jumps the first or short circuiting contact. 


will reverse and flow out of the battery. The mechanism usu- 
ally employed to prevent such action is called a discriminating 
cut out, or reverse current circuit breaker. 


It consists of an electromagnet connected in the dynamo cir- 
cuit, which, when the dynamo generates sufficient to charge 
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the battery, will attract an armature and close the circuit 
between the dynamo and battery, and which will also open the 
circuit when the battery pressure becomes greater than that 
induced in the dynamo. The construction of such device is 
shown in the accompanying cuts. 


In the operation of a dynamo the greater the speed, the greater 


the output, but in charging a battery it is essential that the volt- 
age do not exceed a certain maximum, so that the charging rates 


Fis. 91.—Diagram showing circuit connection of Rushmore dynamo with automatic 
cut out. ‘he construction of the cut out is shown on fig. 93. The shunt field coil 
is connected beyond the ballast coi! so that it receives current at all times at 
the constant voltage of the battery, and ancther winding is added to the field. This 
is what electricians call a ‘‘bucking"” coil, that is a coil so connected as to oppose the 
main shunt field coil. This bucking coil, the effect of which is to reduce the field excitation, 
is connected as.a shunt across the iron ballost coil. Its resistance is considerably greater 
than that of the ballast coil when the latter is cold or only warm, so that at low engine 
speeds practically all of the current generated passes directly to the battery and lamps and 
the machine acts as a simple unhampered shunt dynamo. However, the iron wire will 
allow only a certain number of amperes to pass, after which it suddenly increases in resist- 
ance,so that any excess current cannot pass, but must go through the field bucking coil 
which thus, only at high speeds, comes into action and chokes down the dynamo excitation. 
It will thus be seen that the output of the dynamo may be ad justed to any value desired by 
simply employing an iron wire of suitable diameter in the ballast coil. At car speeds below 
15 miles an hour the dynamo acts as a simple uncontrolled shunt wound machine, while at 
the higher speeds, owing to the counter effect of the bucking coil, the resultant excitation 
is less than the excitation. due to the main shunt field coil alone. In order to keep the 
current in the main shunt field coil as nearly constant as possible, it is connected at a point 
beyond the ballast coil instead of directly across the brushes; then it does not feel the 
fluctuations of voltage at the brushes. The effect of controlling the bucking coil by the 
current output is to produce an approximately constant current at the higher speeds. The 
voltage is determined by the storage battery, and is simply the voltage required to force — 
the specified current against the reverse pressure, plus the small internal resistance of | 
the battery. Assuming the battery to bein good condition, the dynamo voltage will be 
slightly in excess of the open curcuit voltage of the battery, from about 614 to 61% volts, 
depending upon the state of charge. The battery is necessary to control the voltage 


of any automobile lighting dynamo, and must never be disconnected therefrom while 
the dynamo is in use. 
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do not become higher than that proper for the battery. Hence 
automatic control of the voltage is necessary. 


‘IG. 92,—Rushmore ballast coil with cover removed to show the iron wire illustrated full 
$1Ze. 


There are several ways of effecting this regulation: 
1. Mechanically; 

2. Electrically; 

3. Thermally. 


Bic. 93.—Atutomatic cut out as used for Rushmore electric car lighting system. , 
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An example of mechanical control is the Gray & Davis system, 
where a clutch and centrifugal governor are used. 

The Ward-Leonard has electromagnet control, and in the Westing- 
house there are two electrical fields, which oppose one another as the 
speed of the dynamo increases. The Rushmore system furnishes an 


example of thermal control. 
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Hawkins’ Electrical Dictionary. $200 


A reliable guide for Engineers, Contractors, Superintendents, 
Draftsmen, Telegraph and Telephone Engineers, Wire and Linemen. 

Contains many books in one, and is an entirely new and original 
work. Clearly and plainly defining the full use and,meaning of the 
thousands upon thousands of words, terms and phrases used in the 
various branches and departments of Electrical Science. 

No Dictionary has to the knowledge of the publishers been printed 
to date that has kept pace with the rapid development of Electrical 
Engineering. 

It measures 634x814 inches, is over one and one-half inches thick; 
the book weigns about two and one-half pounds, giving a finish to 
the book which is charming. 


Hawkins’ Mechanical Dictionary. 00 


If the reader often encounters words and allusions whose meaning 
is not clear, or is a busy man, without time to wade through a whole 
volume on any subject about which information is desired, or is a 
student or a professional man, feeling the frequent need of a first class 
reference work, he will readily appreciate the qualities that are to be 
found in this most useful book. 

It is a cyclopedia of words, terms and phrases in use in the 
Mechanic Arts, Trades and Sciences—“many books in one.’”? It is 
the one book of reference no student or expert can dispense with. 
704 pages, 634x814 inches, handsomely bound. 


AUDELS STARTING AND LIGHTING 
OF AUTOMOBILES 5c. 


This New Helpful Book tells all about the various forms of start: 
ing and lighting systems in use. Written and illustrated in plain 
language. 

Owners, Chauffers, and Repairmen will find the necessary inform- 
ation for keeping in commission this part of their car, which if not 
understood may cause trouble. ‘ 

The Latest Improvements are shown, also directions for installing 
and operating are given, making the book a ready reference for 
the up-to-date motorist. 


Homans’ Automobiles. $ ? 


“Homans? Self Propelled Vehicles” gives full 
details on successful care, handling, and how to 
locate trouble. 

Beginning at the first principles necessary to 
be known, and then forward to the principles 
used in every part of a Motor Car. 

It is a thorough course in the Science of 
Automobiles, highly approved by manufacturers, 
owners, operators and repairmen. Contains 
over 400 illustrations and diagrams, making 
every detail clear, written in plain language. 
Handsomely bound. 


Audels Automobile Guide. SI 50 


Written so you can understand al] about the 
construction, care and management of motor 
cars. The work answers every question that 

> may come up in automobile work. The book 
is well illustrated and conyenient in size for the 


_ pocket. 
Audels Gas Engine Manual. 2 


This volume gives the latest and most 
helpful information respecting the construction, 
care, management and uses of Gas, Gasoline 
and Oil Engines, Marine Motors and 
Automobile Engines, including chapters on 
Producer Gas Plants and the Alcohol 
Motor. 

The book is a practical educator from cover 
to cover and is worth many times its price to 
any one using these motive powers. 


Audels Answers on Refrigeration 2 


Gives in detail all necessary information on 
the practical handling of machines and ‘appli+ 
ances used in Ice Making and Refrigeration. 
Contains 704 pages, 250 illustrations, and writ- 
ten jn question and answer form; gives the last 
word on refrigerating machinery. Well bound 
and printed in two volumes; complete. 
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HAWKINS PRACTICAL LIBRARY OF 


ELECTRICITY 


IN HANDY POCKET FORM PRICE, $1 EACH 


They are not only the best, but the cheapest work published on 
Electricity. Each number being complete in itself. Separate numbers 
sent postpaid to any address on receipt of price. Catalog of series 
will be mailed free. 


GUIDE No. 1 Treating on electrical signs and symbols—static and current 
electricity—primary cells—conductors and insulators—resistance and conduc- 
tivity—effects of the current—magnetism—electro-magnetic induction—induc- 
tion coils—dynamo principles—classes of dynamo—field magnets—Armatures 
—armature windings—armature theory—commutation and the commutator— 
brushes and the brush gear—armature construction. 


GUIDE No. 2 Motor principles—armature reaction in motors—starting a motor 
—motor calculations—brake horse power—selection and installation of dyna- 
mos and motors—performance curves—location—foundation—belts—auxiliary 
machines—Galvanometer—standard cells—current measurement—resistance 
measurement—Christie bridge—testing sets—loop tests—potentiometer—arma- 
ture voltmeter and wattmeter—multipliers—electro-dynamometers—demand in- 
dicators—watt hour meters—operation of dynamos—lubrication—troubles— 
coupling of dynamos—armature troubles—care of commutator and brushes— 
heating—operating of motors—starters—speed regulators. 


GUIDE No. 3__ Distribution systems—hboosters—wires and wire calculations— 
inside, outside, and underground wiring—wiring of buildings—sign flashers— 
lightning protection—storage battery—rectifiers—storage battery systems. 


GUIDE No. 4 Alternating current principles—alternating current diagrams—the 
power factor—alternator principles—alternator construction—alternator wind- 
ings. 


GUIDE No. 5 Alternating current motors—synchronous and induction motor 
principles—construction of alternating current motors—A. C. commutator 
motorss—power factor of induction motors—transformers—transformer losses— 
transformer construction—transformer connections—transformer tests—con- 
verters—rectifiers—alternating current systems. 


GUIDE No. 6 Transformation of phases—switching deyices—circuit breakers 
—relays—lightning projector apparatus—regulating deyices—synchronous con- 
densers—indicating devices—meters—power factor indicators—Wave form 
measurement—switchboards. 


GUIDE No. 7 Alternating current wiring—properties of copper wire power 
stations—power station calculations—turbine | practice—management—embrac- 
ing: selection, location, erection, testing, running, care and repair—telephones. 

SFO REREAD A SE 


GUIDE No. 8 Telegraph—simultaneous telegraphy and telephony—wireless— 
electric bells—electric lighting—photometry. 


GUIDE No. 9 Electric railways—electric locomotives—car lighting—trolley car 
operation—-miscellaneous applications—motion pictures—gas engine ignition— 
© automobile self-starters—and lighting systems—electric vehicles. 


GUIDE Ne. 10 Elevators—cranes—pumps—air compressors—electric heating— 
electric welding—soldering and brazing—industrial electrolysis—electro-plating 
—electro-therapeutics, X-rays, etc. This number contains a complete ready 


reference index of the complete library. 


72 FIFTH AVENUE, 


Theo. Audel & Co., Publishers. NEW YORK 


AUDELS CONCISE $7 
DRAWING COURSE 


A SUMMARY of the matter contained in the work 
will give a comprehensive idea of its value and 
usefulness. 


Drawing Tools and Their 
Use 


Drafting Room and Shop 
Practice 

Laying Out Sheets and 
Lettering 

Important Rules for Work= 
ing Drawings 

Three Views and Isometri¢ 

Simple Models 

Wooden Joints and Care 
penter Work 

Machine Drawing 

Projections 

10 Sections 

11 Intersections 

12 Warped Surfaces 

13 Method of Plan of Elevae 

tion 

14 Method of Vanishing Point 

15 Shades and Shadows 

16 Points, Lines and Planes 

17 Prisms and Pyramids 

18 Spheres 

19 Screw Surfaces 

20 Shadow Perspective 


on Noo 2 wh = 


Lessons in Advanced Practice, JW. orking Drawings 
of a Globe Valve, Steam Engine and Electric Generator. 

Lessons in Elementary Designing and Construction, 
Riveted Joints and Structural Work, Cams,Tooth Gearing, 
Valve Motions. 


Fifty Plates of practical work with dimensions for 
practice, making it a complete text book on the subject 
for School Classes in the various branches of applied 
mechanics. 


The explanations in this book are simple and direct, 
stripped of all needless words, teaching the student to 
develop his own thinking power, and forms the basis 
of the course covered by the classes in Mechanical 
Drawing at Cooper Union Institute.‘ There are 120 
pages, six subject divisions; 50 plates, size 6x9, printed 
on fine paper with red cloth cover.- Price $1 postpaid, 


Rogers’ Erecting and Operating 


Provides fuil information on methods success- 
fully proved in modern practice te be the best 
for use in erecting and installing heavy machin- 
ery of all kinds. It includes a systematic 
course of study and instruction in Muzll Engi- 
neering and Mullwrighting, together with 
time saving tables, diagrams and a quick refer- 
ence index. 


Rogers’ Drawing and Design. 


This volume is arranged as a comprehensive, 
self-instruction course for both shop and 
draughting room. 

Contains 506 pages, illustrated by over 600 
cuts and diagrams, very many of them full page 
drawings; the book is printed on a very fine 
grade of paper; it measures 814x10}% inches 
and weighs over 3 pounds; it is in every way 
completely up-to-date. 


Rogers’ Machinists Guide. 


Is a manual for Engineers and Machinists on 
modern machine shop practice, management, 
grinding, punching, cutting, shearing, bench, 
lathe and vise work, gearing, turning, and all 
the subjects necessary to advance in shop 
practice, and the working and handling of 
machine tools. ‘The most complete book on 
these subjects. Fully illustrated. 


Audel’s Answers on_ Practical 


Engineering. 


Gives you the everyday practice and simple 
laws relating to the care and management of a 
steam plant. Its 250 pages make you familiar 
with steam boilers, steam, fuel, heat, steam 
gauge, installation and management of boilers, 
pumps, elevators, heating, refrigeration, engis 
neers’? and firemen’s law, turbines, injectors, 
valves, steam traps, belts, gears, pulleys, 
electricity, etc. etc. 


$2 


$2 


$2 


of 


Hawkins’ Electricity for Engineers. $2 


The introduction of electrical machinery in. 
almost every power plant has created a great 
demand for competent. engineers and others 
having a knowledge of electricity and capable of 
operating or supervising the running of electrical 
machinery. ‘To such persons this pocket-book 
will be found a great benefactor, since it con- 
tains just the information required, clearly ex- 
plained in a practical manner. 

Tt contains 550 pages with 300 illustrations 
of electrical appliances, and is bound in heavy 


red leather, size 434x614 for the pocket. 
Hawkins’ Engineers’ Examinations, $2 

This work is an important aid to engineers 

of all grades, and is undoubtedly the most help- 

ful ever issued relating to a safe and sure 

preparation for examination. It presents in a 

question and answer form the most approved 

practice in the care and management of Steam 


Boilers, Engines, Pumps, Electrical and Refriger- 
ating Machines, together with much operative 


information useful to the student. 
Hawkins’ Steam Engine Catechism. $2 

This work is gotten up to fill a Jong-felt need 

for a practical book. It gives directions and 

detailed descriptions for running the various 

types of steam engines in use. 
The book also treats generously upon Ma- 

rine, Locomotive and Gas Engines, and will be 

found valuable to all users of these motive 


powers, 
Uawkins’ Steam Boiler Practice. $7 


This instructive book on Bowler Room 
Practice is indispensable to Firemen, Engineers 
and all others wishing to perfect themselves in 
this important branch of Steam Engineering. 

Besides a full descriptive treatise on Station- 
ary, Marine and Locomotive boilers, it contains 
sixty management cautions, all necessary rules 
and specifications for boilers, including riveting, 
bracing, finding pressure, strain on bolts, etc., 

* thus being a complete hand-book on the sub- 
ject. 


Hawkins’ Mechanical Drawing. 99 


This work is arranged according to the cor- 
rect principles of the art of drawing; each 
theme being clearly illustrated to aid the student 
to ready and rapid comprehension. 

It contains 320 pages with over 300 illustra- 
tions, including useful diagrams and suggestions 
in drawings for practice. Handsomely bound 
in dark green cloth, Size 7x10 inches. 


Hawkins’ Calculations for Engineers. $2 


The Hand Book of Calculations is a work of 
instruction and reference relating to the steam 
engine, steam boiler, etc., and has been said to 
contain every calculation, rule and table neces- 
sary for the Engineer, Fireman and Steam 
User. 

It is a complete course in Mathematics. All 
calculations are in plain arithmetical figures, se 
that they can be understood at a glance. 


Hawkins’ Steam Engine Indicator. y 


This work is designed for the use of erecting 
and operating engineers, superintendents and 
students of steam engineering, relating, as it 
does, to the economical use of steam. 

The work is profusely illustrated with working 
cards taken from every day use, and gives many 
plain and valuable lessons derived from the 
diagrams. 


Guarantee. 


_ These books we guarantee to be in every 
way as represented, and wf not found 
satisfactory can be returned promptly and 
the amount paid will be willingly refunded, 
All books shipped post pard. . 

Remittances are best sent by Check; 
Post Office or Express Money Orders. 


Rogers Machinists Guide $2. 


An hour with a book would have brought to your mind, 
The secret that took the whole year to fine; 

The facts that you learned at enormous expense, 
Were all on a library shelf to commence. 


Ge modern shop 
practice, thoroughly 
teaching you in plain 
language to get ready for 
better chances ahead. 


672 Pages 
700 illustrations 
1800 References 


Handsomely bound In 
navy blue cloth with leather 
back, printed on fine paper 
inlargetype. In every way 
a generously good book. 

PART 4. 

Materials ana their Pro- 
perties, Metals, Alloys, 
Gravity Laws, Strength of 
Materials, Table of Melting 
Points,Weightsand Measures 
Linear, Square, and Solid 
Units and Tables, Free Hand 
Drawing, Section Lining, 


te Dimensioning, How to Read 
= Working Drawings,Geometri- 
Oo cal Drawing, Gear Wheels, 
= Various Gears, Designing, 
al Tempering and Hardening 
=~ Metals, Case Hardening, An- 


nealing, Vise and Bench 
Work, Tools, Methods of 
Drilling, Drifting, Screw 
Cutting, Taps, Dies, Pipe 
Threading Tools, Lath Tools, 
Mandrels, Centering, Placing, 
Turning, Lathe Speed, Chuck 
and Face Plate Work, Boxing, 
Various Tables. 


PART 2. 
Arithmetic, Square Root, Involu- 
tion, Metric System, Mensuration, 
Solids Measuring Machines, Micro- 
meter Devices, Outside and Inside 

Gauges, Drill Gauges, The Vernier, Screw 
Cutting in the Lathe, Chasers, Internal 
Threads, Lathe Gears, Index Plate, Boring, 
Boring Miil, Planing Machines, Cutting Angle of 
‘ Tools, Shaping Machines, Sjotting Machines, Mill- 

ing Machines, Dividing Head, Speed of Cutters, Milling Operators, Drilling 
Operators, Speed of Drilis, Emery wheels, Methods of Grinding, Punching 
and Shearing, Machine Bolt Cutting, Cutting off Machines, Arbor Press, 
Shaft straightening, Turret and Key Seating Machines, Dressing Tools, 
Block and Fall, Cranes, Grindstones, Shop Management, Piece Work, 
Organization Management, Equipment, Useful Recipes, Machinist's Tables, 
Extensive Index. PRICE POSTPAID TO ANY ADDRESS. 
MONEY BACK IF NOT PLEASED. 2 


THEO. AUDEL & CO., Publishers, 


72 FIFTH AVENUE, NEW YORK 
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